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SURGICAL TREATMENT OF EPITHELIAL TUMORS OF 
THE PAROTID GLAND 


ROBERT W. BUXTON, M.D., JAMES H. MAXWELL, M.D., and 
A. JAMES FRENCH, M.D., Ann Arbor, Michigan 


HE CONTROVERSY over the his- 
tologic classification of neoplasms of 
the salivary glands began with Bil- 
roth’s description, in 1859, of the cylin- 
droma and with the observations of Virchow 
in 1863. The earlier writers on this subject 
can be divided into three groups: those who 
believed that these tumors were composed of 
elements derived principally from connective 
tissue, those who believed they were epithelial 
in origin only, and the group who thought 
both mesenchymal and epithelial elements 
were represented in the tumors. While differ- 
ences of opinion about histogenesis persist, 
cytologic classification of these tumors is still 
a subject of discussion among pathologists. 
The surgical treatment of these tumors be- 
gan at an early date. More than two centuries 
ago Heister, in a surgical text, not only de- 
scribed in detail a technique for the removal 
of such tumors but also was an advocate of 
this form of treatment over the then com- 
monly employed poultices, styptics, mercurial 
salivators, escharotics, and caustics. A cen- 
tury later Velpeau was less concerned about 
the possibility of surgical removal of the 
tumors—it was an accomplished fact—but 
engaged in a discussion of the claims of vari- 
ous surgeons of their ability to remove the 
gland totally and completely. Now more than 


From the Departments of Surgery, Otolaryngology, and Path- 
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100 years after the publication of Velpeau’s 
New Elements of Operative Surgery, surgeons 
still engage in this debate. 

The seemingly erratic clinical behavior of 
tumors of the parotid gland, the apparent 
wide variations in the results of surgical ef- 
forts to eradicate these neoplasms completely 
and permanently, and the pessimistic attitude 
of some surgeons regarding ultimate prognosis 
with any form of therapy prompted two of us 
(2) in 1949 to prepare a detailed analytic study 
of 227 patients with primary parotid gland 
tumors. 

The determination of the survival rate of 
the patients without recurrence of tumor was 
the chief objective of this earlier survey. 
Consideration was given also to the incidence 
of malignant change in benign tumors and 
the possible contributing factors. Emphasis 
was placed upon preservation of the facial 
nerve when it was functionally intact and 
grossly uninvolved by neoplasm at operation. 

In reviewing follow-up studies of these pa- 
tients during the past 3 years, it has become 
distressingly apparent that there were many 
instances in which the clinical course seemed 
incompatible with the histopathologic diag- 
nosis. The overall survival rate of patients 
who had malignant tumors excised was un- 
commonly high. The stated results seemed 
to be justified, however, since they were 
based upon histopathologic findings. 
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In our first report (2) a relatively simple 
classification of parotid neoplasms was util- 
ized. This included carcinomas, sarcomas, 
benign mixed tumors, and papillary lymphoid 
cystadenomas. It did not seem necessary or 
advisable at that time to consider possible 
variants in the malignant epithelial tumors or 
in the so-called benign mixed tumors. How- 
ever, in our more recent review of these le- 
sions, and particularly of those of the malignant 
epithelial group, certain incidents in the life 
histories of several patients with malignant 
lesions in the parotid gland were so strikingly 
unusual that a more detailed investigation 
was undertaken. Moreover, it would seem 
that some of the criteria commonly used by 
histopathologists to determine malignant 
changes in a neoplasm are not always appli- 
cable in this group of tumors. There is a large 
group of these patients in whom the degree of 
cellularity and pleomorphism gave histologic 
support to a diagnosis of carcinoma. But 
repeated and often inadequate surgical at- 
tacks or prolonged neglect of the recurrent 
tumor did not result in gross or histologic 
evidence of an invasive or metastasizing neo- 
plasm. Also, the incidence of sarcoma in the 
earlier report was unusually high. Although 
the high survival rate was Diving it was 
contrary to our expectation considering the 
usual’course of such neoplgéms. 

In an attempt to acco®Mt for possible errors 
in the previous report, a complete reclassifica- 
tion and re-evaluation of the clinical and 
pathologic data were used. The satisfactory 
accomplishment of this objective required the 
review of all of the pathologic material from 
these patients and from those operated upon 
subsequently. There have been 58 patients 
added since our original report. Five patients 
from the previous report are not included be- 
cause the histologic material is unavailable. 

The 280 parotid tumors from which this re- 
port is drawn have been diagnosed and treated 
by niembers of the staffs of the Departments 
of Otolaryngology, General Surgery, and 
Pathology of the University of Michigan Hos- 
pital and St. Joseph’s Mercy Hospital. An 
attempt has been made to segregate these 
tumors into groups which present predictable 
clinical behavior patterns. 
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Benign Epithelial Tumors 


I. Mixed tumors. 
1. Stromal elements predominating. 
a. Cylindromatous type. 
2. Epithelial elements predominating. 
a. Canalicular type. 
II. Mucoepidermoid tumor. 
III. Adenomas. 
1. Serous cell. 
2. Acidophilic cell. 
a. Papillary lymphoid cystadenoma. 
Malignant Epithelial Neoplasms 
I. Carcinomas. 
1. Squamous cell carcinomas. 

a. Cornifying. 

b. Noncornifying. 

c. Lymphoepithelioma. 

Gland-celled carcinomas. 

a. Pseudoadenomatous basal cell car- 
cinoma—cylindromatous, canalicu- 
lar or medullary, and cystic forms. 

b. Acidophilic gland-celled carcinoma. 

c. Serous cell adenocarcinoma. 

3. Mucoepidermoid carcinomas. 

4. Unclassified carcinomas. 


While this classification includes only tu- 
mors arising from the various epithelial com- 
ponents of the normal parotid gland and is a 
more complete classification than was used in 
our previous report, it is not a final solution 
to the frequently encountered difficulty of 
separating the benign from the malignant 
cellular neoplasms. This is exemplified by the 
fact that 67 tumors classified as carcinomas in 
the previous report were reclassified as benign 
tumors in the present study. The “over- 
diagnosis” of cellular, but benign, tumors by 
pathologists may be confusing to the surgeon 
and detrimental to the patient. The surgeon 
may develop an exaggerated sense of security 
in the surgical management of the truly ma- 
lignant tumors by “curing” a larger percent- 
age of patients with surgical procedures much 
less radical than should be demanded for a 
malignant growth. 


NS 


BENIGN EPITHELIAL TUMORS 


The mixed tumors (Figs. 1 to 8) are grouped 
with the benign neoplasms and properly so; 
yet, some pathologists might classify the 
more cellular varieties of this group with the 
malignant neoplasms. 

While the incidence of malignant change in 
mixed tumors is low, the potential danger of 
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dedifferentiation exists. The popular concept 
that it is common for the cell type of mixed 
tumors to become less well differentiated, or 
more malignant, with repeated partial re- 
moval is not borne out in the material pre- 
sented here. 

McFarland (8) classified mixed tumors with 

an abundance of epithelial cells as canalicular 
forms, while those with dense hyaline stroma 
surrounding nests or cords of cells he desig- 
nated cylindromas. The admixture of these 
two cell types varies from scirrhous, sarcoma- 
like patterns to the well recognized cylindro- 
matous forms. While the cylindromatous 
yattern normally occurs in the benign mixed 
umor it is seen to best advantage in a slightly 
nodified form as a malignant neoplasm, the 
seudoadenomatous basal cell carcinoma to 
.e described in detail later. 

The stromal elements vary from dense colla- 
‘en in the cylindroma, through myxomatoid 
sasophilic-staining, more or less amorphous, 
sround substance, to cartilage and bone. 
‘rom this admixture of stromal and epithelial 
elements it might appear that McFarland’s 
lespair in the diagnosis of parotid tumors was 
justified. After a lifetime of study of these 
neoplasms he stated that the histopathologic 
prognosis of salivary gland mixed tumors “‘is 
of no value and no more accurate than the 
flipping of a coin.” 

The justification for a continuing study of 
these neoplasms is the expectation that, in the 
future, histologic examinations will become 
increasingly valuable in arriving at a more ac- 
curate prognosis. 

There were 183 patients in this series who 
had benign mixed tumors. Ten of these were 
under 21 years of age when first seen, and 4 
had had a tumor before the age of 12 years. 

Two hundred and one operations, varying 
in type from simple excision of the tumor and 
its capsule to total parotidectomy, were per- 
formed upon these 183 patients. Forty-eight 
of them had had operations for the removal of 
the tumor prior to admission to University 
Hospital. 

Follow-up studies on all of these patients 
have. been completed through the early 
months of 1952. The duration of the post- 
operative period is as follows: Sixty-three pa- 
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tients have been followed less than 5 years, 
70 between 5 and 10 years, 40 between 10 and 
I5 years, 9 between 15 and 20 years, and 1 
more than 20 years. The clinical course and 
life histories of these patients attest to the 
benignancy of these neoplasms. 

The type of operation performed was de- 
termined by such factors as gross appearance 
of the tumor, its clinical behavior, the histo- 
pathologic report on previously excised tissue, 
and finally, upon expediency. 

It would seem from the statistical analysis 
of the data obtained that no surgical pro- 
cedure less extensive than a total parotidec- 
tomy can insure completely against recur- 
rence. Total parotidectomy with attempted 
preservation of all branches of the facial 
nerve was performed in 11 instances. In this 
group of patients there has been no recur- 
rence of tumor to date. In only 3 of these has 
there been any permanent facial palsy, and 
this has been limited to one branch of the 
nerve. This more radical procedure was 
prompted in each instance by the question of 
malignancy based upon gross or histopatho- 
logic findings. 

One hundred forty-one operations consisted 
of simple excision of the tumor with its cap- 
sule. In 44 of these, the tumor was ruptured— 
at operation—either accidentally or purpose- 
fully when a large tumor was situated deep to 
the facial nerve. After such simple excisions, 
there were 15 recurrences, a rate of 10.6 per 
cent. There was no significant difference in 
this recurrence rate whether or not the tumor 
was ruptured. However, small subcutaneous 
recurrences in 6 instances were thought to be 
“seeded” tumors, and accepted as warnings 
that rupture of the tumor should be avoided 
if possible. 

Willer excision of the tumor with a margin 
of normal gland tissue was accomplished in 40 
operations (38 patients). There were 4 re- 
currences in these patients or a rate of 10 per 
cent. 

After a single operation upon 172 patients, 
there are 8 patients living with recurrence of 
neoplasm (Table I). Eleven patients have 
had multiple operations. In 1 of this latter 
group, there is evidence of residual tumor 
which could not be removed from an elderly 
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Fig. 3. Fig. 4. 
Figs. 1 to 4. Benign mixed tumors of parotid glands. X8o. 
Figs. 1 and 2. Squamous epithelium-lined cystic focus containing keratin. Myxomatous and cartilaginous change in 
stroma. 
Fig. 3. Predominance of stromal over epithelial elements. Deposits of lime salts in myxocartilaginous stroma. 
Fig. 4. Myxomatous stroma with a minimum of crowded, somewhat pyknotic, epithelial remnants. 


debilitated patient who was operated upon cate that the hazard is not sufficiently great 
under local anesthesia. to be a deterrent to adequate surgical pro- 

The -postoperative complication of facial cedures in this region. In the present series, 
nerve palsy continues to be the main hazard some degree of temporary postoperative palsy 
in any operation upon the parotid gland was noted in 20 patients. In each one, there 
(Table II). However, our study would indi- was full and complete return of function (in 
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Fig. 8. 


Figs. 5, 6, 7, and 8. Benign mixed tumors of parotid gland. X75. Increasing amounts of epithelial 
elements with less stroma than in examples in Figures 1 to 4. 


most instances, before the patient left the 
hospital). In 8 other patients, however, there 
was some degree of permanent palsy produced 
by trauma to the seventh nerve. In 1, the 
palsy is nearly complete and resulted after 
transection and subsequent suturing of the 


nerve. There were 3 instances of permanent 
upper branch palsy and 4 of permanent loss 
of function of the mandibular branch. In 4 
of these patients, preservation of the nerve 
was difficult due to previous operations upon 
the gland. 
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TABLE I.—POSTOPERATIVE PATIENT RECUR- 


RENCE RATE IN 183 PATIENTS WITH 
BENIGN MIXED TUMORS 

Single operation No, 
Alive without Tecurrence; ....6.. 2. cc ise ved es 147 
Dead without recurrence... ........060600600 16 
Alive with PECurmenee..... 6.6.6. ds eden cece eens 8 


Dead—residual tumor............ 


Recurrence rate, 4.7 per cent. 


Multiple operations 


Alive without recurrence............... Lives) 2S 
Ailive with TOGUITERCE.......5 6 oo ise clncen ws saves 


Recurrence rate, 10 per cent. 


Forty-eight patients had had 1 to 4 operations prior to 
admission. 
Four patients had tumor present before 12 years of age. 


Permanent palsy, the result of deliberate 
sacrifice of the nerve, was produced in 5 
instances. In 1 patient, the diagnosis of car- 
cinoma was made at a previous operation 
which prompted radical resection of the gland 
and facial nerve. The other 4 patients had 
the mandibular branch sacrificed because of 
adherence of tumor to nerve, or as a result of a 
frozen section diagnosis of malignant neo- 
plasm. 

The auriculotemporal syndrome, as _ ori- 
ginally described by Frey, has occurred in 19 
patients. This complication is of relatively 
little importance to the patient but is most 
intriguing to students of neurophysiology. 

A rare but serious operative complication 
may be hemorrhage due to injury to the in- 
ternal carotid artery or to the internal jugular 
vein. 

It is readily apparent from this group of 
patients that these benign neoplasms of the 
parotid gland pose no serious therapeutic 
problems. Complete surgical excision is indi- 
cated when the diagnosis is made. A high in- 
cidence of recurrence is to be expected when 
excision is not complete. Complete excision 
presupposes removal of the tumor, its capsule, 
which is probably stroma of the gland outside 
the growing tumor, and a margin of normal 
gland tissue where possible. Superficial lobec- 
tomy may not be wide excision in the case of a 
large tumor. In such instances, the tumor capsule 
probably lies adjacent to the facial nerve or its 
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TABLE II.—POSTOPERATIVE FACIAL PARALYSIS 
IN 183 PATIENTS WITH BENIGN “MIXED 
TUMORS 


No. 
GWIOI ARUBA IBY» 50h ee oac inane sina eulel 20 
(complete return of full function in all) 
Permanent palsy, 
Accidental 
DRG RANIOUS oye corse oi share oacactaras ees 74 
SOREN Rig is see ect k nies ao mucle eee Sens I 
8 (4.5%) 
Deliberate 
MONEE TIMUTIOD 5:5 6 ips weed pAUe-e ses wanes 4 
TOMIDIBEC so iSy 2c niet SOTA e ee oan I 
5 (2.7%) 


*Frozen section diagnosis—carcinoma, 1 patient. 
**Diagnosis from previous operation—probable car- 
cinoma. 


Auriculotemporal syndrome, 19 patients. 


branches, precluding wider excision without 
sacrificing the facial nerve. In benign encap- 
sulated tumors, the nerve should be preserved. 
This may necessitate piecemeal removal of a 
large tumor in the pharyngeal prolongation of 
the gland. The consequences of possible recur- 
rence from implanted tumor cells are less seri- 
ous than facial paralysis. 

The mucoepidermoid tumors (Figs. 9 and 
10), so nicely removed from the conglomerate 
group of mixed tumors by Stewart, Foote, 
and Becker, pose problems of diagnosis as well 
as treatment. The ductal epithelium of the 
normal parotid gland produces mucin, and in 
increasing amounts when the ducts are ob- 
literated or other inflammatory change occurs. 
Likewise, cuboidal or columnar gland-celled 
epithelium tends to-undergo squamous meta- 
plasia, particularly in the presence of chronic 
inflammatory processes. The clinical be- 
havior of these tumors may be correlated with 
the inflammatory response which occurs as a 
result of epithelial mucin extruded into the 
tissues. Lack of encapsulation of some of 
these tumors may indicate that they may not 
be true neoplasms but inflammatory nodules. 
Although they may be definitely encapsulated, 
their gross appearance is frequently that of a 
scirrhous, ill defined, infiltrating tumor, sug- 
gesting invasive growth. In these respects, 
they are clearly set apart from the more com- 
mon, well encapsulated benign tumors. The 
mucinous material which characterizes their 
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Figs. 9 and 10. Mucoepidermoid tumors. X80. 
Fig. 9. A pool of mucin surrounded by squamous and gland-celled epithelium. Reactive fibrosis 
adjacent to the mucin and epithelium. 
Fig. ro. Squamous cell carcinoma containing gland-celled epithelium and a small amount of mucin. 
Malignant mucoepidermoid tumor. 


histologic appearance may, when in contact 
with the supporting stromal element of the 
tumor, result in a fibroblastic response to give 
the characteristically unencapsulated appear- 
ance as described. 

Ten patients in this study had mucoepider- 
moid tumors of a benign type, according to 
the histopathologic criteria established by 
Stewart and his associates. At the time of the 
original examination of the tissue removed at 
operation from these patients, the cellular 
components seemed sufficiently anaplastic to 
warrant the diagnosis of carcinoma in all ex- 
cept 1. This 1 exception is of particular 
interest since the original diagnosis was 
papillary lymphoid cystadenoma, a tumor 
whose histologic pattern is seldom confused 
with that of the mucoepidermoid tumor. Re- 
examination at this time shows a mucoepider- 
moid tumor apparently arising in the War- 
thin’s tumor. This patient died of a bile duct 
carcinoma 8 months after the removal of his 
parotid tumor. 


EPITHELIAL TUMORS OF PAROTID GLAND 


All of the 10 patients in this group were over 
30 years of age. 

Because of gross evidence of encapsulation 
of the tumor at operation, wide local excision 
was done upon 6 patients. A total parotidec- 
tomy with preservation of the facial nerve was 
performed upon 4. This operation was done 
as a primary procedure, in part as a result of 
a diagnosis of carcinoma on previous excision 
(2 patients), or because the fibrotic change in 
the tumor gave the gross pathologic impres- 
sion of a nonencapsulated infiltrating malig- 
nant neoplasm (2 patients). Three of the 4 
patients who had total parotidectomy had 
no facial palsy after the operation. One had 
paralysis of one division which appears to be 
permanent. Nine patients are alive and well. 
One died of another neoplasm. There were no 
metastases in any of the patients. 

Roentgen therapy was administered to 4 
patients postoperatively. 

From the analysis of this group of patients, 
one must conclude that these mucoepidermoid 
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tumors demonstrated the clinical behavior of 
benign lesions and that their complete eradi- 
cation probably would have been possible by 
wide local excision alone. 

A unique tumor was isolated from the group 
of benign salivary gland tumors. This neo- 
plasm has been designated a serous cell 
adenoma (Fig. 11). It is believed to be de- 
rived from acinar cells. While it apparently 
has been described before by McFarland (7) 
and by Goodwin and Colvin, no specific 
designation has been found to have been at- 
tached to it. The cytoplasm does not stain for 
epithelial mucin with mucicarmine while 
Schiff’s reagent demonstrates secretory gran- 
ules, probably zymogen or a glycoprotein 
precursor of zymogen. Unlike the acidophilic 
cell adenoma, the cytoplasm of the cells in the 
serous cell adenoma has affinity for the basic 
dye hematoxylin. Small amounts of mucin 
are present in dilated spaces in the adenoma 
and suggest that a few mucous cells may be 
present in ducts of the gland proper. 

Seven examples of serous cell adenoma were 
seen. In general, these tumors were slowly 
growing, since 6 had been present from 3 to 
18 years. One, however, had been noted only 
4 months prior to examination. 

The type of operation varied from simple 
excision to total parotidectomy with sacrifice 
of the facial nerve. This latter radical pro- 
cedure was done on 1 patient who had a large 
tumor of short duration which was thought 
to be malignant. This impression was sub- 
stantiated by the original histologic diagnosis 
of adenocarcinoma. 

Five of these patients are alive and well, 1 
died without evidence of tumor, and 1 is 
alive with questionable recurrence. The clin- 
ical histories of this group of patients demon- 
strate the lack of any clearly defined malig- 
nant characteristics. The only postoperative 
complication was the auriculotemporal syn- 
drome which occurred in 4 patients. These 
tumors, also, are readily eradicated by ade- 
quate local excision. 

The histogenesis of the acidophilic cell 
adenoma and of Warthin’s tumor, the papil- 
lary lymphoid cystadenoma, finds its explana- 
tion in cellular changes of salivary gland duc- 
tal epithelium which are part of the aging 
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process. Meza-Chavez and Thompson and 
Bryant attributed the change in staining 
reaction to advancing age. The reason for 
this biochemical change which attracts the 
acid dye eosin is not explained by this ob- 
servation but doubtless will be elucidated by 
the experimental pathologist and the histo- 
chemist in time. Neither the acidophilic cell 
adenoma nor Warthin’s tumor need arise in a 
mixed tumor, but in 1 instance in this series a 
Warthin’s tumor was present in one parotid 
gland and a mixed tumor in the other parotid 
gland of the same patient. 

Three patients in this series had an acido- 
philic cell adenoma (Fig. 12). In each in- 
stance, the tumor was a slowly growing lesion 
which had been present from 7 to 19 years. 
All of the patients were over 60 years of age. 

Two of the patients are alive without re- 
currence, 6 and 17 years after simple excision 
of the tumors. One had a wide excision of a 
recurrent tumor, 6 years after a prior opera- 
tion. This is a benign tumor which has been 
readily controlled by adequate local excision. 

The papillary lymphoid cystadenoma (War- 
thin’s tumor), a benign tumor, was present in 
16 patients of this series. Although statis- 
tically this neoplasm occurs almost exclusively 
in men, 2 of the patients in this group were 
women. All of the patients were over 40 
years of age. All of these tumors were rather 
slowly growing in that the known duration 
varied from 3 months to 5 years. The neo- 
plasms were small, the average size being ap- 
proximately 3 centimeters in diameter. 

Simple excision was performed in all of these 
patients. Thirteen of them are alive without 
recurrence, while 3 have died of cardiovascu- 
lar disease without evidence of recurrence of 
the tumor at the time of death. Postoperative 
facial paralysis or auriculotemporal syndrome 
did not occur in any of these patients. These 
tumors like the benign mixed tumors are 
readily controlled by adequate local excision. 


MALIGNANT EPITHELIAL NEOPLASMS 


Malignant neoplasms of the parotid glands 
are mainly epithelial in type, although rarely 
sarcomas may be seen in these locations. 

The epithelial neoplasms are carcinomas of 
the two main cell types—squamous and gland 
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Figs. 13 and 14. Squamous cell carcinomas. X85. 
Fig. 13. Cornifying squamous cell carcinoma of the parotid gland. 


Fig. 14. Lymphoepithelioma of parotid gland. 
heavy admixture of lymphocytes. 


‘ell. The squamous cell carcinomas probably 
irise by squamous metaplasia of the ductal 
:pithelium of the glands. 

The squamous cell carcinomas are of three 
main types, i.e., cornifying, noncornifying, 
and lymphoepithelioma. 

There were 11 patients with a diagnosis of 
cornifying or noncornifying squamous cell 
carcinoma (Fig. 13). Nine patients were more 
than 50 years of age; the youngest was 26. 

The duration of the neoplasms was variable 
since some are thought to have been primary 
and others to have had their origin in benign 
mixed tumors. Seven patients who had noted 
the presence of tumor for less than 1 year ap- 
parently had primary squamous cell car- 
cinoma. Two of the 4 patients with tumors of 
long duration had had operations 5 and 30 
years before. 

Five patients had preoperative facial pa- 
ralysis. As in all the malignant neoplasms of 
the parotid gland, pain was a prominent 
symptom. 

The definitive operative procedure was wide 
excision in 5 patients. In 2 of these the facial 
nerve was included. One of these 2 is alive 





Noncornifying squamous cell carcinoma with a 


and well after 2 years, while the other died 
with cancer after 3 years. Three patients had 
wide excision of the carcinoma but the facial 
nerve was preserved. One of these is alive and 
well after 16 years, and 2 are alive with re- 
currence of neoplasm after 2 and 3 years 
respectively. Three patients, due to the 
presence of far advanced lesions, had biopsies 
only and died of cancer within 1 year. One 
patient had a radical excision of the parotid 
gland, the facial nerve, and the cervical lymph 
nodes, but it was thought that the operation 
had been incomplete and death occurred 
within 1 year. Multiple excisions were per- 
formed in 2 patients within the past 2 years; 
both are alive with tumor. 

Therefore, only 2 patients are alive and 
without recurrence of carcinoma, 2 and 16 
years after operation. These patients are 2 
of the 4 whose tumors showed cornification in 
the histologic sections. 

Known metastatic sites were regional 
lymph nodes in 5 patients, lungs in 1, and 
skin of chest wall in 1. 

Squamous cell carcinomas are highly ma- 
lignant neoplasms in this area and demand 


Fig. 15. 
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Fig. 16. 


Figs. 15, 16, 17, and 18. Pseudoadenomatous basal cell carcinoma of parotid gland. 


Fig. 15. Classical cylindromatous form of pseudoadenomatous basal cell carcinoma with a sheath of 
epithelial cells around a cystic central focus of protein material which may be basophilic or acidophilic 
in staining reaction in hematoxylin and eosin technique. A variable amount of dense hyaline stroma 
is present as cylinders between the pseudoacinar groups of epithelial cells. X80. 

Fig. 16. Atypical, highly malignant variant of pseudoadenomatous basal cell carcinoma. X80. 





radical surgical measures to effect eradication. 
Wide local excision, ideally including the 
facial nerve or its branches adjacent to the 
neoplasm, together with regional cervical 
lymph node resection, is necessary if the prog- 
nosis in these patients is to be improved. 

The lymphoepitheliomas (Fig. 14), con- 
sidered to be highly undifferentiated squa- 
mous cell carcinomas which occur in combina- 
tion with normal and mature lymphocytes, 
pursued a devastating course. There were 5 
patients with this diagnosis, all of whom were 
over 55 years of age. These tumors were 
rather large, averaging six centimeters in di- 
ameter, and growing rapdily—less than a year 
in duration in each instance. 

One patient had facial paralysis, 3 com- 
plained of pain, and 2 had enlarged cervical 
lymph nodes at the first examination. 

All patients in this group had wide excision 
of the tumor and, in addition, 3 had a radical 


resection of the cervical lymph nodes. The 
tumors recurred promptly in each case, al- 
though postoperatively x-ray therapy was 
given. All of the patients died within 1 year’s 
time. 

Known metastatic sites were regional 
lymph nodes in 2 patients, the vertebrae in 1, 
and the abdominal viscera in 1. 

From this small series of lymphoepitheli- 
omas, no conclusions can be drawn except 
those of desperation. Although radical exci- 
sion was performed in all, with neck dissection 
in 3, all died with carcinoma in less than 1 
year. When present in the pharynx, these 
tumors often respond well to roentgen 
therapy; but these patients with parotid 
lymphoepitheliomas all had such therapy 
postoperatively and failed to respond. Prob- 
ably the lymphoepithelioma of the parotid 
gland is not biologically equivalent to that of 
the pharynx. 
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Fig. 17. Same as Figure 16. 

It seems questionable if this tumor should 
be treated surgically. Perhaps roentgen 
therapy only should be advised if histopath- 
logic examination of the tumor reveals neo- 
plasm of this type. 

Gland-celled carcinomas, infrequently suf- 
ticiently well differentiated to be designated 
adenocarcinomas, were the most common 
malignant epithelial neoplasms encountered. 
[hese included the pseudoadenomatous basal 
cell carcinoma, the acidophilic gland cell car- 
cinoma, as well as the serous cell adenocar- 
cinoma. 

The pseudoadenomatous basal cell car- 
cinoma (Figs. 15 to 18) has been otherwise 
known as malignant cyljndroma, adenocystic 
basal cell carcinoma, adenoid cystic car- 
cinoma, adenomyoepithelioma, and adeno- 
matoid carcinoma. Pseudoadenomatous basal 
cell carcinoma is the preferred designation for 
several reasons: (1) The neoplasms are com- 
posed of small basal cells with little baso- 
philic-staining cytoplasm and relatively large 
hyperchromatic nuclei; (2) a true glandular 





Fig. 18. Higher magnification of Figure 17. 285. 


pattern is not seen; (3) in most instances the 
hyaline stroma of the so-called cylindroma is 
not the conspicuous feature of these neo- 
plasms. The major objections to this term 
are its unwieldy length and the false sense of 
security that the term basal cell carcinoma 
_may engender. 

This malignant tumor was found in 18 pa- 
tients. The forms of the neoplasm seen in- 
clude the classical cylindromatous type and 
canalicular or medullary types in which epi- 
thelial cells predominate. The age distribution 
was between 21 and 47 years in 17 patients. 
Since 15 of the patients were women, it is sug- 
gested that this type is found more commonly 
in young and middle-aged women. 

Eleven of the 18 patients had had from 1 to 
4 operations prior to admission to the hospital. 
In 4 patients the duration of the tumor was 
more than 1o years. In other malignant neo- 
plasms this would suggest origin in a benign 
tumor; but since long asymptomatic growth 
is a characteristic of this tumor, no such judg- 
ment should be made. 
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Preoperative facial palsy was present in 4 
patients. Pain was a prominent symptom in 
10 of the group. 

Two of the patients are alive and well after 
total parotidectomy with preservation of the 
facial nerve (after 2 years and 3 years). Four 
others are alive and well after wide excision of 
the tumors. Three of these latter patients 
were operated upon less than 4 years ago. 
The other patient, who is alive and well, had 
the tumor removed 12 years ago. However, 
histologically most of the neoplasm in this 
latter patient was a benign mixed tumor witha 
few islands of carcinoma cells. This may 
account for the long survival period. The re- 
maining 12 patients are either dead of carci- 
noma or alive at this time with pulmonary 
metastases (2 patients). However, a defini- 
tive operation was not done in 7 patients with 
far advanced lesions. 

Although all varieties of this tumor appear 
to carry a poor prognosis, the cellular canalicu- 
lar variant is the most malignant. The 2 
patients who demonstrated this particular 
variety died of metastases in less than a year 
after the appearance of the primary tumor. 
The medullary cystic and the classical cylin- 
dromatous types are usually more slowly de- 
structive, often permitting life with asympto- 
matic pulmonary metastases for several years. 
The slow local invasiveness and the late de- 
veloping metastases, together with the history 
of repeated operations over a period of years 
in several of the patients in this latter group, 
lead one to speculate that the prognosis might 
be improved greatly by instituting surgical 
procedures more specifically designed to eradi- 
cate a malignant neoplasm. Local excision or 
enucleation of this tumor is completely inade- 
quate. Undoubtedly, this type of operation 
has been done on many occasions due to the 
gross appearance of encapsulation presented 
by some of these tumors. For these reasons, a 
total parotidectomy should be done but the 
nerve may well be preserved if there is no 
gross evidence of its involvement in the tumor. 
In none of the 18 cases presented were cer- 
vical node metastases encountered. This is 
presumptive evidence that dissemination oc- 
curred by way of the blood stream, and that 
resection of the cervical nodes in these pa- 
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tients would not have been beneficial. This is 
in contrast to the 23.6 per cent incidence of 
cervical node metastases which occurred in the 
patients with malignant cylindromas de- 
scribed by Kirklin and his associates. In 
view of the possibility of regional lymph node 
and pulmonary metastases, a radical dissec- 
tion of the neck glands and removal of the 
jugular vein must be considered in particular 
instances. 

Most pseudoadenomatous basal cell carci- 
nomas have shown some degree of radiosensi- 
tivity. In this group of tumors the far ad- 
vanced, inoperable lesions have shown regres- 
sion after such therapy. There is not com- 
plete evidence that such treatment has been 
curative; nevertheless, each of the living pa- 
tients discussed here has had irradiation dur- 
ing the postoperative period. Its use as an 
adjuvant may be well advised. We do not 
know whether preoperative irradiation might 
prove to be more efficacious. 

Two types of gland-celled carcinomas were 
thought to be separable from the general 
group of carcinomas; i.e., the acidophilic 
gland-celled carcinoma and the serous cell 
adenocarcinoma. While both neoplasms may 
be included among other reports of carci- 
nomas of the salivary glands, the descriptions 
are not readily interpretable as such. 

The acidophilic gland-celled carcinoma is 
composed of large cells with abundant cyto- 
plasm which stains deeply with eosin, like the 
cells of the acidophilic or oxyphilic-cell ade- 
noma from which it may originate. However, 
in this material no transition stages have been 
observed to substantiate this assumption. 
The cells of the carcinoma provoke a scirrhous 
or desmoplastic reaction in the stroma in 
some instances while a few examples display 
well formed glands (Fig. 19). 

This tumor occurred in g patients all of 
whom were over 50 years of age. Six of the 
tumors demonstrated rapid growth (1 to 9 
months), while 3 were of many years’ stand- 
ing, suggesting origin in a benign tumor. 

Facial paralysis was present at the time of 
the examination in 5 patients. Five patients 
complained of pain. 

In 4 patients biopsy only was done because 
of advanced age or the presence of metastases. 
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Death occurred in this group from 1 month to 
3 years later. 
Wide excision was performed in 5 patients: 


Total parotidectomy with preservation of the 
facial nerve—r patient, alive and well, 6 years. 

Wide excision including a neck gland dissection —1 
patient, alive and well, 6 months. 

Wide excision including the facial nerve—2 pa- 
tients, death unrelated, 3 months and 6 years. 

Wide local excision—1 patient, alive with local re- 
currence and metastases to cervical lymph nodes. 


Metastases in the cervical lymph nodes 
were present in 4 patients. One patient had 
metastases in the lungs. 

The evidence of local invasion of contiguous 
structures by this tumor and its extension by 
way of regional lymph channels suggest that 
wide local excision to include the facial nerve, 
together with a radical resection of the cervi- 
cal lymphatics, is the treatment of choice. 

The other group of carcinomas which was 
thought to be a clear-cut entity was the serous 
cell adenocarcinoma (Fig. 20). Like the cells 
of the serous cell adenoma, the cytoplasm of 
the serous cell adenocarcinoma stains with 
hematoxylin. In the adenomas the cells oc- 
‘urred in medullary groups only, while in the 
carcinomas these cells were grouped as well 
formed glands. As in many of the malignant 
neoplasms of the parotid glands, the cells in 
these tumors did not exhibit sufficient vari- 
ability in size, shape, and staining character- 
istics to satisfy readily the usual morphologic 
criteria of malignant change. Likewise, mi- 
totic figures were rare. Small encapsulated 
groups of neoplastic cells did not necessarily 
denote malignant change either, for similar 
satellite or daughter foci of neoplasm were 
found in obviously benign mixed tumors. 
Spaces in tissues which contained groups of 
anaplastic cells were not interpretable with 
consistency as absolute evidence of malignant 
change in a given neoplasm, for endothelium 
was not demonstrable in all instances as proof 
of invasion of lymphatics or veins. 

In spite of these difficulties in histopatho- 
logic determination of malignancy this tumor 
is apparently a highly malignant variant of 
the serous cell adenoma. 

There were 5 instances in which the diag- 
nosis of this lesion was made. In our mate- 
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rial, each one of these patients was a woman 
over 50 years of age. Pain was a prominent 
symptom in 4 patients while 2 of them had 
preoperative facial palsy. In 3 instances, the 
tumor had been growing slowly for a long 
period (4 to 9 years), suggesting origin in a 
benign tumor. 

The extent of the local lesion made a defini- 
tive and apparently complete excision possible 
in 1 patient only. Despite this, no evidence of 
metastases to cervical lymph nodes was found 
preoperatively or postoperatively. In 2 pa- 
tients, the resected cervical lymph nodes 
failed to show neoplasm. In 1 patient, tumor 
emboli were described in skin vessels. The 1 
patient who had a radical and apparently 
complete excision of the tumor is alive 3 years 
after operation, but has a recurrence of the 
neoplasm. The remaining 4 died with carci- 
noma. Metastases were disseminated by the 
blood stream as indicated in 3 patients by 
their presence in lungs, abdomen, spine, pel- 
vis, ribs, and brain. 

This evidence suggests that earlier wide 
local excision is imperative. There is no indi- 
cation in our material that mortality rate 
could be reduced by resection of the regional 
lymph nodes and the jugular vein. 

The 5 examples classified as mucoepider- 
moid carcinomas were difficult to separate 
from the group of benign mucoepidermoid 
tumors. Metastasis, which was used as the 
major criterion for separating the benign and 
malignant mucoepidermoid tumors by Stew- 
art and his associates was not found in any 
of these cases. When the mucin produced 
was minimal in amount and the squamous- 
celled elements were sufficiently atypical to be 
designated carcinomatous histologically, the 
mucoepidermoid tumor was designated a car- 
cinoma. Despite these histopathologic fea- 
tures the apparent favorable course in this 
group of so-called carcinomas prompted the 
clinicians to question the true malignancy of 
these tumors. In no instance was there clini- 
cal evidence of invasion of the facial nerve or 
spread to regional lymph nodes. However, 3 
of these patients have been observed less than 
2 years after operation. 

All of these tumors demonstrated the dif- 
fuse fibrotic quality described in connection 
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a. One patient 16 yrs. postop.—one patient 2 yrs. postop. 


b. One patient 12 yrs. postop.—five patients between 2 and 4 yrs. postop. 


c. One patient 6 mos. postop.—one patient 6 yrs. postop. 
d. One patient 9 yrs. postop.—four patients less than 3 yrs. postop. 
e. One yr. postop. 


with the benign mucoepidermoid tumors in 
this series. 

All 5 patients were between 30 and 50 years 
of age. 

In 3 patients, operation for the removal of a 
parotid tumor had been done previously. In 
only 1 of these was the tumor type known and 
in this patient local recurrence occurred after 
4 years. 

Total parotidectomy with preservation of 
the facial nerve was attempted in 3 patients. 
One of these had temporary paralysis and one 
has a partial paralysis that appears to be 
permanent. Two patients had wide local ex- 


cision of their tumor. In 1 of these the tem- 
poral branch of the facial nerve was sacrificed 
because of its apparent invasion by the 
neoplasm. 

Postoperative roentgen therapy was ad- 
ministered to 2 patients. 

There have been no local recurrences and 
no evidences of metastases to date in any of 
these patients. Each is alive and well 1 to 9 
years after operation. 

From this analysis one must conclude that 
this group of tumors has failed to demonstrate 
the clinically malignant features shown by the 
other groups of carcinomas in this series. 
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ach example appears to have responded to 
wide local excision. 

The unclassified group of carcinomas in- 
cluded 8 patients. Small inadequate biopsy 
specimens from patients with advanced disease 
accounted for some of the examples, although 
in others the criteria utilized for classification 
of other neoplasms were not present. In some 
the neoplastic cells showed a high degree of 
anaplasia so that they did not lend themselves 
to classification. In others, there was a mix- 
ture of squamous and gland cell elements, 
neither of which was sufficiently predominant 
to permit classification in one of the preceding 
groups. 

The age of the patients varied from 34 to 89 
years and the duration of the tumors from 3 
to 40 years. Preoperative indications of ma- 
lignancy were demonstrated in 5 who had 
facial palsy at the time of the first examina- 
tion and 5 complained of pain. 

Only 4 patients had completed operations 
with intended total removal of the tumor. 
Three had metastases to cervical nodes. 

Six of the 8 patients in this group are dead 
of cancer, 1 is alive with cancer, and 1 is alive 
without evidence of tumor, 1 year subsequent 
to wide excision and postoperative roentgen 
therapy. 

Little can be said about this group of 
tumors with regard to treatment since they 
are unclassified. Obviously, they were highly 
malignant tumors which demanded radical 
surgical procedures. 


SUMMARY 


The records of 280 patients with neoplasms 
of the parotid gland have been reviewed. 
These have been reclassified after thorough 
and critical study of the histopathologic sec- 
tions. The reclassification recognized serous 
cell adenoma, serous cell adenocarcinoma, and 
acidophilic gland-celled carcinoma, which 
were separated from the general group of 
parotid tumors and have been described as 
entities. 

The designation pseudoadenomatous basal 
cell carcinoma has been selected in preference 
to other synonymous terms. 

After reclassification, it was found that in 
67 instances neoplasms previously interpreted 
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as being malignant had been placed in the 
group of benign tumors. 

In each case presented, the study included 
the age and sex of the patient, the number of 
preceding operations, the duration and rate of 
growth of the tumor, the surgical description 
of the tumor, and the type of operation per- 
formed. These data were correlated with the 
preoperative symptoms and physical findings, 
the histopathologic reports, and the subse- 
quent clinical course. 

All patients have had follow-up studies 
during the early part of 1952. 

When undertaking the surgical removal of a 
definitely encapsulated parotid gland tumor, 
one may reasonably expect a good result after 
complete excision including the entire capsule 
of the tumor and a margin of normal gland 
where possible, since definite encapsulation of 
the tumor usually is evidence of a benign neo- 
plasm. An outstanding exception to this 
statement is presented by some of the pseudo- 
adenomatous basal cell carcinomas which may 
appear to be encapsulated. If a benign tumor 
has begun to exhibit early malignant change, 
but is still well encapsulated, complete exci- 
sion probably will be adequate. 

Evidence of encapsulation of benign tumors 
may be obscured by recent operative trauma 
or by the fibrosis which occurs in the so-called 
mucoepidermoid tumors. 

The operable malignant parotid gland tu- 
mors demand extensive surgical procedures. 
Those tumors which demonstrate local in- 
vasion or lymphogenous spread, as evidenced 
by preoperative facial paralysis and regional 
lymph node involvement, should be attacked 
most radically. In these the operation should 
be in general a combined, radical, cervical 
lymph node resection and total parotidec- 
tomy, including the facial nerve. Even by 
such radical operations, it is obvious that some 
tumors arising in the pharyngeal prolonga- 
tion of the gland will not be excised com- 
pletely. There were some tumors in this series 
which were found in this location, which, al- 
though small, had already invaded the sty- 
loid group of muscles and the base of the 
skull. Thus, a superficially placed malignant 
tumor offers a greater chance for cure by 
radical excision. 
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CONCLUSIONS 

This study has suggested certain con- 
clusions which, most properly, can apply only 
to the group of patients presented here. How- 
ever, they have been helpful in attempting to 
determine the type of surgical procedure best 
suited to a particular histopathologic type of 
parotid neoplasm. 

The benign tumors in this series are the 
mixed tumors, the papillary lymphoid cysta- 
denomas, the serous cell adenomas, the 
acidophilic cell adenomas, and the benign 
mucoepidermoid tumors. For this group of 
tumors, wide local excision has been ade- 
quate. A distinct effort should be made to 
preserve all of the facial nerve in every in- 
stance. 

The squamous and gland celled carcinomas, 
except for the lymphoepitheliomas, require 
wide excision usually in conjunction with a 
radical neck gland dissection. Ideally, the 
facial nerve should be included in the wide 
excision in most instances. On certain oc- 
casions, it may be deemed advisable to pre- 
serve all or part of the facial nerve; but the 
surgeon carries a heavy burden of responsibil- 
ity when he preserves the facial nerve in the 
presence of a malignant tumor. 

The pseudoadenomatous basal cell car- 
cinoma has been a difficult tumor to manage. 
It is probable that a better planned surgical 
attack upon this tumor will result in an im- 
proved prognosis. This is based upon the fact 
that it is a frequently fatal though often a 
slowly growing neoplasm. 

We have been unable to evaluate satis- 
factorily the role of roentgen therapy in the 
treatment of these tumors. However, it may 
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be of greater value in the treatment of the 
lymphoepitheliomas than any form of ‘sur- 
gical treatment which we have been able to 
utilize. 

This study has not disclosed any factors 
which have seemed to be conducive to malig- 
nant changes in benign tumors of the parotid 
glands. 
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PULMONARY RESECTION IN THE FIRST YEAR OF LIFE 


E. S. CROSSETT, M.D., and ROBERT R. SHAW, M.D., Dallas, Texas 


N THE past two decades excisional sur- 
gery for pulmonary lesions has been 
performed with increasing frequency and 
can now be done with comparative 

safety. Since surprisingly little has been 
written upon the indications and results of 
pulmonary resection in infants it seems worth 
while to present a group of cases in which 
pulmonary surgery was performed in the 
first year of life. 


PULMONARY CYSTS 


True developmental or so-called congenital 
pulmonary cysts of the expansible or balloon 
type occur frequently in infants and children. 
They consist of a solitary cyst completely 
lined with cuboidal or columnar epithelium. 
In contrast to the regular arrangement of the 
epithelial lining of the cyst, the cartilage, 
smooth muscle, and elastic tissue supporting 
the wall are irregularly arranged and in places 
may be absent. As a rule, there is a single 
bronchial communication. All of the adja- 
cent pulmonary segments are anatomically 
normal except for compression atelectasis 
due to the enlarging balloon cyst. 

The 3 cases presented here illustrate the 
diagnostic and therapeutic problems _pre- 
sented by this type of lesion. 

CasE 1. This 4 months old baby was taken to her 
pediatrician because of failure to gain weight. She 
had no previous signs of infection or shortness of 
breath. She had had a slight cough since birth. The 
physical examination revealed a rather thin white 
female baby who weighed 8 pounds and 9% ounces. 
The trachea was deviated slightly to the left. The 
left chest was normal to percussion and auscultation. 
The breath sounds on the right were greatly dimin- 
ished and there was increased resonance to per- 
cussion. The remainder of the physical examination 
was negative. Roentgenograms (Fig. 1a) revealed 
an area of translucency throughout the right chest 
with the heart and mediastinum shifted to the left. 
A diagnosis of congenital pulmonary cyst was made 
and surgery advised. On March 25, 1952 a thora- 
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cotomy was performed and the right upper lobe was 
found to be involved in localized emphysema, with 
a very large air cyst in the lobe. This had compressed 
the middle and lower lobes so that they were non-air 
containing. After letting the air out of the cyst, the 
middle and lower lobes expanded well. The upper 
lobe was removed without difficulty. 

The pathologic examination showed the cyst to 
be lined by a grayish-blue, smooth, glistening sur- 
face which, on microscopic examination, consisted 
of several layers of dark staining cuboidal cells over- 
lying a dense fibrous connective tissue wall. There 
was a chronic inflammatory cell infiltration in the 
adjacent tissues. The lung tissue showed areas of 
congestion and atelectasis with some of the bronchi 
dilated and filled with an inflammatory exudate. 

Following surgery the child recovered unevent- 
fully. The drainage tube was removed on the first 
postoperative day and she was allowed to go home 
on the fifth postoperative day. A follow-up 5 
months later (Fig. 1b) found the baby well with no 
cough or respiratory distress. 

CASE 2. This 4 months old baby was admitted 
with a history of panting respirations on effort since 
birth. Crying and nursing consistently produced 
difficulty in breathing. At 214 months of age, follow- 
ing a case of chicken-pox, she developed a cough 
and occasionally became cyanotic with these cough- 
ing attacks. Her weight gain and development were 
normal. The physical examination was negative 
except for the chest. The trachea was shifted 
slightly to the left. The respiratory rate was rapid 
and regular. There were diminished breath sounds 
over the right chest and percussion was more 
resonant on the right than on the left. X-ray exami- 
nation (Fig. 2a) revealed essentially the same find- 
ings as in the first case, i.e. translucency of the right 
lung field with shift of the mediastinum to the left. 

On March 5, 1952 a thoracotomy was performed 
and a large pulmonary cyst was found filling the 
right pleural cavity. This cyst comprised most of 
the lower lobe while the upper and middle lobes 
were normal. A right lower lobectomy was easily 
accomplished after the cyst was deflated. The upper 
and middle lobes expanded normally and filled the 
chest cavity. The chest was drained with an inter- 
costal catheter carried to a water-seal bottle. 

The pathologic examination revealed a lobe of 
lung weighing 34 grams with only the peripheral 
portions air-containing. It contained a large cyst 
which in the collapsed state was about 5 centimeters 
in diameter. The lining was smooth and trabecu- 
lated. The microscopic examination through the 
wall of the cyst showed it to be made up of a narrow 
zone of dense fibrous connective tissue with inter- 
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Fig. 1. a, Preoperative film showing translucency throughout the right hemithorax 
with heart and mediastinum shifted to the left. b, Postoperative film. Mediastinum 
is in normal position with normal lung markings in right hemithorax. 


mingled smooth muscle fibers, covered by columnar 
epithelium. This was thrown into numerous folds 
and projections. The adjacent lung showed areas 
of hemorrhage and compression type atelectasis. 

Immediately following surgery the child’s breath- 
ing was better than before operation. Her post- 
operative course was uneventful. A follow-up 6 
months postoperatively (Fig. 2b) showed the baby 
to be developing normally with no evidence of respir- 
atory difficulty. 

CASE 3. This 2 month old infant was admitted 
to Baylor Hospital on November 13, 1952, with a 
history of rapid respirations since birth. Seven days 
before admission a small polyethylene tube had been 
inserted through an interspace into the left chest 
and carried to a water-seal bottle because an x-ray 
film (Fig. 3a) of the chest had been interpreted as 
showing a tension pneumothorax. Upon straining, 
air would bubble from the tube under water. 

On physical examination the child was found to 
be somewhat cyanotic, even under oxygen. The 
left chest was noticeably larger than the right chest. 
On percussion the left chest was hyperresonant and 
the heart was markedly displaced to the right. 
Breath sounds could be heard over the right chest 
but none could be heard on the left. Roentgeno- 
grams (Fig. 3b) of the chest showed no evidence of 
aerating lung tissue in the left hemithorax. The 
heart was shifted sharply into the right chest. A 
lateral film showed a very large anterior mediastinal 
herniation. 

The following morning the left chest was opened 
through the sixth rib bed. The chest was filled with 
air. The left lung was completely collapsed but 
expanded - well with positive pressure. From the 
anterior basal segment of the left lower lobe arose 
a cyst which was approximately 5 centimeters in 
diameter. This cyst had previously been ruptured 
by the introduction of the intercostal tube. A 
clamp was placed across the narrow neck of the cyst 
and it was amputated. The lung was repaired with 
multiple sutures of fine cotton. Following ampu- 


tation of the cyst and repair of the lung the left lung 
expanded well (Fig. 3c) to fill the left hemithorax. 
A drain was placed in the eighth interspace and con- 
nected to a water-seal bottle. The chest was closed. 
Following surgery the baby’s respirations were 
immediately improved and it was not necessary to 
employ oxygen in the postoperative course. The 
sutures were removed on the fourth postoperative 
day and the infant was taken home by his parents. 
Pathologic examination of the tissue removed re- 
vealed lung tissue with alternating areas of atelecta- 
sis and emphysema. The cyst-like structure had a 
well formed fibrous capsule. This capsule was lined 
with a flattened and cuboidal type of epithelium. 


The symptoms of cystic disease of the lung 
largely depend on the size of the cyst, its 
location, and the presence or absence of in- 
fection. If the bronchial communication is of 
a tortuous type or if for some reason a ball- 
valve mechanism is present, air is trapped 
within the lumen and produces a great in- 
crease in the size of the cyst with resulting 
encroachment on the adjacent lung and 
mediastinum. Cough, rapid inefficient respira- 
tion with attacks of cyanosis in varying de- - 
gree may be found. Symptoms may be ab- 
sent, occur only with effort, or they may 
progress to respiratory failure and death. 

The diagnosis of cystic disease of the lung 
depends largely upon an adequate roentgeno- 
graphic examination of the thorax. It must 
be differentiated from localized hypertrophic 
emphysema, congenital diaphragmatic hernia, 
or tension pneumothorax. 

Pneumothorax may be suspected upon first 
glance at the film, but absence of a shadow 
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Fig. 2. a, Preoperative film showing translucency throughout right chest with heart 
and mediastinum shifted to left. b, Postoperative film. The heart is in normal position 
with normal lung markings in the right chest. 


showing the margin of the collapsed lung 
would suggest a cyst rather than a pneumo- 
thorax. Also an uninfected tension pneumo- 
thorax is rare in infants. In localized hyper- 
trophic emphysema there are fine linear 
shadows through the translucent area which 
indicate trabeculae and help make the differ- 
entiation. Congenital diaphragmatic hernia 
is seen more frequently on the left than on the 
right. Hernias on the left may contain stom- 
ach, spleen, and both small and large intestine. 
Cyanosis, dyspnea, and vomiting are the 
most common findings. The physical find- 
ings are those of atelectasis and mediastinal 
shift. Peristalsis may be audible in the chest. 
Roentgenograms are diagnostic and show 
the presence of gas bubbles, collapsed lung, 
and displacement of the heart away from the 
affected side. Contrast material in the gastro- 
intestinal tract is rarely indicated to make the 
diagnosis but in doubtful cases will confirm it. 

Cysts occasionally become infected so that 
the patient may have a complicating empyema 
or pulmonary abscess. In cases in which the 
supposed empyema cavity fails to collapse 
or continues to leak air with drainage, a cyst 
should be suspected. Treatment of the in- 
fection with antibiotics and drainage until 
the infection subsides, followed by pulmonary 
resection, is the procedure of choice. 

The ideal treatment for cystic disease of 
the lung is complete operative removal oi 


the cystic portion of the lung with conserva- 
tion of as much normal functioning lung as 
possible. Anspach and Wolman, in 1933, 
reported 2 cases of large balloon cysts dis- 
covered in infancy and described 5 cases taken 
from the literature. Repeated thoracentesis 
and catheter drainage of the cysts were un- 
successful with a fatal termination in all 
cases. The aspiration of these lung cysts 
should be condemned. Case 3 in this series 
illustrates some of the disadvantages of this 
procedure. The danger of infection and ten- 
sion pneumothorax is great so that thoracoto- 
my, even as an emergency is preferable when 
the patient is in reasonably good shape. If 
thoracentesis is necessarily used as a life- 
saving procedure it should be followed as 
soon as possible by removal of the cyst. 

Tyson reported a case in which pulmonary 
resection was performed for balloon cyst in 
a 3 months old baby with recovery in July, 
1941. Since then a number of cases have been 
reported in which pulmonary resection has 
been employed with a successful outcome. 
As in the cases reported here lobectomy is 
usually necessary, but occasionally as in 
Case 3 a local resection will be sufficient to 
remove the cyst. 


LOCALIZED HYPERTROPHIC EMPHYSEMA 


Localized hypertrophic emphysema is a 
pathologic entity affecting a segment or a 
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Fig. 3. a, X-ray film of chest before intercostal polythene drainage tube was inserted. This film was erroneously 
interpreted as showing a left tension pneumothorax. b, X-ray film of chest following insertion of intercostal 
tube. There is little improvement of the mediastinal shift. c, Postoperative film showing good re-expansion of a 


normal left lung following amputation of the cyst. 


lobe of the lung. The diseased segment is 
enlarged to many times its normal volume in 
a uniform dilatation of the air sacs. Several 
hours after being removed from the body, 
this tissue will float upon water with less than 
a tenth of its volume being submerged. Mi- 
croscopic examination of the tissue reveals 
air sacs and alveoli that are generally dis- 
tended and empty. The bronchial mucosa is 
normal except for slight chronic inflammatory 
infiltration. The cause of the emphysema is 
not evident in the examination of the speci- 
mens. There seems to be ample evidence to 
consider this pathologic entity as having a 
congenital etiology. Since the only possible 
treatment for this condition is surgical ex- 
cision of the involved segment of lobe, it is 
important that it be recognized. 

Shaw has recently reported the case of a 
7 weeks old white female infant in which a 
right middle lobectomy was done because of 
localized hypertrophic emphysema. In this 
case the x-ray films of the chest revealed 
translucency of the right lung field with ob- 
vious overdistention of this lung. The medi- 
astinum was pushed to the left and on the 
lateral film the heart was displaced posteriorly 
due to herniation of the lung through the 
anterior mediastinum. At operation the mid- 
dle lobe was, found to be emphysematous and 
greatly overdistended with the upper and 
lower lobes completely non-air containing and 
compressed into the upper and lower portions 


of the chest. Surgical removal of the diseased 
middle lobe resulted in alleviation of the 
baby’s respiratory difficulty and a 6 weeks’ 
follow-up showed normal expansion of right 
lung and normal position of mediastinum. 


LOCALIZED FETAL ATELECTASIS 


Atelectasis is not an infrequent occurrence 
in young infants. It may be manifested as 
a persistence of the fetal state or may occur 
in the postnatal period after the lung has 
expanded. This lesion is the result of some 
mechanical obstruction of the bronchi and 
may involve all of the lung or only a small 
segment, depending upon the bronchus which 
becomes obstructed. 

In the fetal type of atelectasis an abnormal 
cohesion of the bronchial walls has been 
cited as a factor responsible for the failure of 
the lung to expand normally. The aspiration 
of meconium or other foreign material has 
also been implicated as the causative factor. - 
In older infants, infection and rarely allergy 
may result in bronchial obstruction and 
atelectasis. 

Cyanosis relieved by oxygen, rapid, shallow 
respirations, retraction of the suprasternal 
notch and a respiratory grunt should suggest 
the possibility of this lesion. Roentgenograms 
may confirm the diagnosis. 

The management of the patient who has 
developed atelectasis should be directed at 
removing the obstructing agent and the treat- 
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Fig. 4. 
upper lobe. 


a, Preoperative film showing 


b 


atelectasis and consolidation of the right 
Air containing bronchi can be seen in this lobe which suggests a well 


established atelectasis with consolidation. b, X-ray film taken on the fifth postopera- 
tive day shows the lung well expanded following removal of the upper lobe and dorsal 


segment of the lower lobe. 


ment of any incipient infection. This is best 
done by bronchial aspiration, either by 
bronchoscopy or by intratracheal catheter 
and the administration of antibiotics to pre- 
vent or combat infection. Many of these 
infants are improved by conservative and 
supportive therapy using water vapor contain- 
ing detergents and bronchodilating agents. 

In occasional cases in which only a segment 
or lobe of lung is involved the process may 
become chronic. This is usually a debilitating 
lesion even though it may produce only mild 
or moderate respiratory symptoms. The fol- 
lowing case report emphasizes the impor- 
tance of proper diagnosis and treatment of 
this type lesion. 

CasE 4. This 7% months old white male infant 
was admitted with a history of wheezing and 
strangling since birth. On feeding he would strangle, 
cough, and turn blue so that he failed to gain weight 
and only weighed 8 pounds and 9g ounces on ad- 
mission. The physical examination revealed an 
irritable infant with an audible expiratory wheeze 
and a weak cry. The temperature was normal. 
There was slight tracheal retraction on inspiration. 
There was a dullness over the upper portion of the 
right lung field on percussion and breath sounds were 
tubular in this area. The remainder of the physical 
examination was negative. 

Admission x-ray film (Fig. 4a) revealed an 
atelectasis and consolidation of the right upper lobe 
of the lung. Because of the apparent difficulty in 
swallowing an iodized oil esophagogram was done 


which revealed some delay in the passage of the oil 
through the cardia, although the oil did eventually 
pass into the stomach. 

A small polyethylene tube was placed in the 
stomach and tube feedings were started. The baby 
gained 1 pound in 4 days and his state of hydration 
improved so that on April 11, 1952 a thoracotomy 
was done. The entire right upper lobe and the 
dorsal segment of the right lower lobe were found 
to be atelectatic and so were removed. The baby 
was given 100 cubic centimeters of blood during 
the operation. The pleura was drained to a water- 
seal bottle. The drainage tube was removed on the 
fifth postoperative day. He was discharged on the 
seventh postoperative day in good general condition, 
able to take his formula by mouth without difficulty. 
His weight on discharge was 9 pounds and 7 ounces. 
Unfortunately, a follow-up has been unobtainable 
in this case. 

Pathologic examination of the removed lung tissue 
revealed a fetal atelectasis with chronic pneumonitis 
and foreign body reaction. Giant cells in the tissue 
appeared to contain a material suggesting keratin, 
and a greenish brown pigmented material which 
was thought to be meconium was noted in several 
of the alveoli as well as in the macrophages. There 
was no distant hyalin membrane noted within the 
alveolar spaces. It was postulated that aspiration of 
meconium at birth was the cause of the atelectasis. 


In any case of chronic atelectasis or fibroid 
pneumonia one should think of pulmonary 
obstruction with retained secretions and in- 
fection which, if not removed, may produce 
pulmonary suppuration to be followed by 
bronchiectasis. In an irreversible, localized 
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Fig. 5. b 
Fig. 5. a, Preoperative film shows an atelectasis of the 
right lower lobe, more clearly shown by bronchogram (Fig. 
6). b, Postoperative film shows good expansion of right 
lung after removal of basilar segments of right lower lobe. 


atelectasis, extirpation of the involved pul- 
monary tissue is recommended. It is believed 
that the chronic suppuration in the upper 
right lung of this baby was responsible for its 
failure to develop properly. 


BRONCHIECTASIS WITH CYSTIC PANCREATITIS 

Fibrocystic pancreatic disease is a relatively 
common disease in infancy. It is recognized 
that the pancreatic and pulmonary mani- 
festations are part of a systemic disturbance 
of the mucus secreting glands, resulting in 
increased viscosity of the mucus, which is 
responsible for the pulmonary complications. 
Ayers and his associates have reported that 
sympathetic denervation of the pancreas has 
resulted in improvement in the pulmonary 
picture in a number of cases. 

In the following 2 cases pulmonary resection 
was carried out in an attempt to control the 
pulmonary disease, as it is known that occa- 
sional patients will have remissions and may 
recover. 


CasE 5. This 5 months old baby boy was ad- 
mitted on February 5, 1948 with a chief complaint 
of cough of 3 months’ duration. At 2 months of age 
the patient gradually developed a cough which was 
worse in the evening and early morning. He occa- 
sionally vomited his feedings. He had no fever. 
Roentgenograms (Fig. 5a) taken before admission 
revealed a right lower lobe atelectasis. The physical 
examination was negative except for the chest 
findings. There was dullness in both bases to per- 


Fig. 6. 

Fig. 6. Bronchogram showing loss of volume in the right 
lower lobe which condition is compatible with chronic 
atelectasis. Definite disease of the bronchus was not 
demonstrated. 


cussion, more pronounced on the right. There were 
no breath sounds heard in the right base, and there 
were transitory moist rales throughout both lung 
fields. His red blood count was 4.8 million with 
13.4 per cent hemoglobin. There were 20,300 white 
blood cells with 16 bands, 22 segments, 56 lympho- 
cytes, and 6 mononuclears. A bronchoscopy was 
performed and considerable amount of secretion was 
aspirated from the right main stem bronchus. Air 
could be seen bubbling from the right lower lobe 
bronchus after the aspiration of the viscid purulent 
secretion. 

A bronchogram (Fig. 6) done on February 16, 1948 
revealed no definite disease of the bronchi but there 
was bilateral basilar atelectasis. Following this 
bronchogram the baby developed severe respiratory 
difficulty so that on February 19, 1948 a tracheotomy 
was performed in order to control the excessive 
secretions. He was started on penicillin and strepto- 
mycin and his trachea aspirated as necessary. He 
gradually improved except that the atelectasis of 
his right lower lobe persisted. It was suspected that 
this baby was suffering from chronic cystic pan- 
creatitis. After consultation with his pediatrician, 
it was decided that the atelectatic lower lobe should 
be removed in an attempt to control the pulmonary 
symptoms and prolong the baby’s life. 

On March 11, 1948 a resection of the basilar seg- 
ments of the right lower lobe was performed. These 
segments were atelectatic and would not inflate 
with positive pressure. Following removal of this 
portion of the lobe, a catheter drain was placed in 
the ninth interspace and carried to a water-seal 
bottle. The postoperative course was uneventful. 
The resected segments, when examined, were found 
to contain a collection of bronchiectatic abscesses 
in a densely fibrosed lung. Following discharge the 
baby gained weight rapidly and did well until 
April 20, 1948 when he developed a productive 
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_ Fig. 7.. a, The preoperative film shows an atelectasis of the right upper lobe. There 
is a patchy pneumonitis about the left hilum. b, The postoperative film shows the 
right lung well expanded following removal of the atelectatic upper lobe and clearing 


of the pneumonitis on the left. 


cough, began refusing his formula, and gradually 
lost weight. He developed a diffuse bronchiolitis 
with bronchopneumonia and in spite of antibiotics, 
repeated bronchoscopies, and tracheotomy, he died 
on May 14, 1948. Postmortem examination con- 
firmed the clinical diagnosis of cystic pancreatitis. 

CasE 6. This 8 months old child developed nor- 
nally and was well until she was 5 months old when 
she developed wheezing, cough, and gasping respira- 
tions. She was bronchoscoped with temporary relief 
of her respiratory difficulty but her symptoms re- 
curred and she was bronchoscoped seven times 
before her admission on October 10,.1948. She 
vomited frequently following meals and had gradu- 
ally lost weight. She had a constant low grade fever 
with her respiratory difficulty. The positive physi- 
cal findings were limited to the chest. The expan- 
sion was equal bilaterally. On percussion there 
was dullness over the right upper chest and there 
were decreased breath sounds in this area. There 
were bilateral basal inspiratory rales. 

Admission x-ray film (Fig. 7a) revealed atelectasis 
of the right upper lobe with minimal patchy -pneu- 
monitis about the left hilum. It was believed that 
this was an irreversible process so that on October 11, 
1948 a thoracotomy was performed. The right upper 
lobe was found to be completely atelectatic but 
free of adhesions. A right upper lobectomy was 
performed using individual ligation technique. The 
chest was drained with a catheter through the 
eighth interspace connected to a water-seal bottle. 
Following this procedure the patient was turned on 
her back and a tracheotomy done to give a ready 
avenue for aspiration of secretions during the post- 
operative period. The postoperative period was 
uneventful except that she continued to have copious 
secretions. She was discharged on October 22, 1948 
with a guarded prognosis. 


Pathologic examination revealed an atelectatic 
lobe weighing 40 grams. The bronchi contained a 
mucopurulent material and when traced out showed 
a cylindrical bronchiectasis. The microscopic exam- 
ination showed the bronchi to be filled with cellular 
debris in which red blood cells, polymorphonuclears, 
lymphocytes, and plasma cells could be seen. The 
surrounding lung tissue was fibrosed with the same 
type of inflammatory cells being found. Only 
occasional alveoli were seen which were either col- 
lapsed or filled with inflammatory cells. 

Following discharge the patient had a gradual 
downhill course with her respiratory symptoms of 
cough, excessive secretions, and wheezing gradually 
becoming more severe. On May 31, 1949 she was 
readmitted with a diagnosis of bronchiolitis and 
bilateral bronchopneumonia. A tracheotomy was 
performed, large doses of antibiotics were admin- 
istered, and frequent tracheal aspirations were per- 
formed. In spite of this she continued to go down- 
hill and expired on June 5, 1949. An autopsy re- 
vealed an acute purulent bronchitis, bilateral 
bronchiectasis, acute bronchopneumonia, encepha- 
lomalacia of the pons, and severe fibrosis of the 
pancreas. 


Although resection of the atelectatic and 
bronchiectatic lobes failed in these 2 cases 
to improve the pulmonary complications asso- 
ciated with cystic pancreatitis sufficiently to 
bring about a long survival it is believed that 
the treatment is rational. Perhaps with re- 
section of irreversibly destroyed pulmonary 
segments and the prolonged use of antibiotics 
and inhalation therapy some of these infants 
may survive to become healthy individuals. 
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It is estimated that bronchiectasis repre- 
sents about 5 per cent of all diseases in child- 
hood. A considerable number of young adults 
with established bronchiectasis give a history 
of productive cough and repeated attacks of 
pneumonia in the same lobe dating back to 
infancy. These findings suggest that bron- 
chiectasis may start in the first year of life 
but is not diagnosed until later. Once estab- 
lished it is a chronic progressive disease with 
a high mortality and morbidity rate, and at 
best results in a state of semi-infalidism. In- 
fants with this disease, who are symptomatic 
or are not developing well should be con- 
sidered for early surgery if the disease is 
localized. The complications that may be 
encountered are pulmonary abscess, empyema, 
metastatic abscess, and recurrent attacks of 
pneumonia. These complications are more 
easily controlled and less frequent since the 
advent of antibiotics. It has been suggested 
that a noninfected condition of congenital 
atelectasis and bronchiectasis may have been 
present before infection in the lung occurs, and 
it is only when the infective factor is superim- 
posed that symptoms arise. Case 4 in this 
series represents a persistent atelectasis with 
rather extensive fibrosis and foreign body 
reaction in which bronchiectasis would proba- 
bly have subsequently developed. True con- 
genital bronchiectasis is related to cystic dis- 
ease of the diffuse type and is a rare finding. 

Bronchiectasis should be suspected in any 
infant in whom there is a chronic cough and 
a history of repeated attacks of pneumonia 
in the same lobe. Bronchograms, showing 
bronchiectatic dilatations, will confirm this 
diagnosis, but because of the danger of 
bronchography in infants it is not recom- 
mended as a routine procedure. 

The diagnosis can usually be suspected 
from the plain x-ray film (Fig. 5). Bron- 
choscopy is useful to establish the nature and 
anatomic limits of the infection and may be 
useful in providing drainage of the bronchial 
tree in preparing the infant for surgery. 

The preoperative preparation consists of the 
administration of fluids and blood, as may be 


required by the individual case, of penicillin 
and streptomycin given intramuscularly, and 
of aerosol. In cases in which secretions cannot 
be adequately controlled, tracheotomy is 
recommended, as it not only is useful in pre- 
paring the patient for surgery but makes it 
possible to clear the tracheobronchial tree 
safely and effectively after operation. 

Fawcett, in 1941, reported a case of bron- 
chiectasis in a 19 months old baby, treated by 
lobectomy, with a successful outcome. More 
recently Mendez and his group have reported 
2 cases, one in a 2% months old infant in 
which bronchiectasis was treated surgically 
with good results. Pulmonary resection in 
the first year of life is a safe and, under favor- 
able circumstances, an effective procedure. 
It seems rational, therefore, to remove pul- 
monary segments involved with bronchiectasis 
as soon as they are discovered. 


SUMMARY 


1. Six cases in which pulmonary resection 
was performed in the first year of life are re- 
ported. The conditions necessitating resec- 
tion were: (1) congenital pulmonary cysts, 
(2) localized hypertrophic emphysema, (3) 
chronic, irreversible atelectasis, and (4) bron- 
chiectasis. 

2. With the advances made in anesthesia, 
technique of pulmonary surgery, antibiotics, 
and our knowledge of respiratory physiology, 
it is now possible to perform pulmonary re- 
sections in infants with a high degree of 
safety. 
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THE RECOGNITION AND TREATMENT OF 
ARTERIOSCLEROTIC STENOSIS OF MAJOR ARTERIES 


EDWIN J. WYLIE, M.D., and JOSEPH S. McGUINNESS, M.D., San Francisco, California 


HE CLINICAL and pathologic char- 
acteristics of stenosis of major arteries 
due to arteriosclerosis have been 
studied at the University of Cali- 
ornia Hospital in a series of 27 patients. Pre- 
‘ious observations on the nature of segmental 
rteriosclerotic thrombosis and the restoration 
if arterial patency by thromboendarterectomy 
ave been reported by us and others (2, 4, 5). 
\lthough our previous report was primarily 
oncerned with complete arterial occlusion due 
) arteriosclerosis, the findings were described 
1 3 patients in whom thickening of the 
rterial wall in a localized area by arterio- 
‘lerotic changes in the intima was sufficient 
) cause peripheral ischemia. The present 
‘port deals with further experiences with this 
itter group of patients in which the syndrome 
i arteriosclerotic arterial stenosis has been 
emonstrated. 
our categories of patients are included in 
his study: 12 patients in whom a segmental 
one of arteriosclerotic narrowing was the sole 
lemonstrable cause for the presenting com- 
laints of arterial insufficiency; 6 patients in 
vhom asymptomatic arterial stenosis was an 
icidental arteriographic finding; 6 patients 
vhose original stenotic lesion progressed to 
omplete thrombosis; and 3 patients who were 
ound to have a significant stenotic lesion 
\part from a separate zone of arterial throm- 
iosis. All patients in this series were males 
with but 2 exceptions. Their age distribution 
was as follows: 30 to 40 years, 5; 40 to 50 years, 
12; 50 to 60 years, 8; and 60 to 70 years, 2. 
In all patients, the pathologic changes in- 
volved a portion of the major arterial tree 
between the upper abdominal aorta and the 
level of bifurcation of the popliteal arteries. 
Vascular studies included oscillometric re- 
cordings of the peripheral pulses at rest and 
alter exercise, sound tracings of peripheral 
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arterial murmurs, and arteriograms of the 
arterial tree from the aorta to the popliteal 
arteries. Resection of the diseased intima was 
performed in 12 patients. The pathologic 
specimens, which were essentially casts of the 
involved arterial segments and which included 
the intima and a portion of the media, were 
examined grossly and microscopically. Post- 
operatively, the vascular studies were repeated 
whenever it was feasible. 

Inasmuch as the published methods of 
arteriography were modified to achieve more 
thorough visualization, the technique which 
was used is described. 

Aortography technique. The patient is placed 
in the prone position over a cassette tunnel in 
which slots are provided for two 14 by 17 
inch Lysholm wafer grids, and a 14 by 36 inch 
cassette. The x-ray tube is fitted with a rec- 
tangular cone and an aluminum filter tapered 
to permit equal penetration of the abdomen 
and the less dense extremities. Under general 
anesthesia, two 17 gauge, 7 inch needles are in- 
serted, 1 inch apart, into the abdominal aorta 
proximal to the celiac axis. Fifty cubic centi- 
meters of 70 per cent diodrast, or 70 per cent 
urokon,! divided between 2 syringes, is in- 
jected manually over a 4 second interval 
through the 2 needles. Four 36 inch films are 
exposed serially over an 8 second interval. 
The x-ray factors for the average patient are 
81 kilovolts, 400 milliamperes, and 1/5 second, 
at a distance of 6 feet. 

A large volume of contrast solution (50 
c.c.), injected rapidly, has been found nec- 
essary to give adequate visualization. This 
is of particular importance if there are mul- 
tiple levels of occlusive lesions. It is recog- 
nized also that accurate evaluation of the 
prognosis and operability requires a demon- 
stration of the full length of the arterial tree 
from the level of the diaphragm to the lower 


1Preliminary studies with use of urokon appear to indicate that it 
produces greater opacity and less toxic reactions than diodrast. 
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Fig. 1. 


Serial 36 inch aortograms from a 68 year old woman with symptoms of 
marked vascular insufficiency in the thighs and lower legs. 


a, Diffuse irregular sten- 


osis of the terminal aorta and both common iliac arteries is shown in this film exposed 
4 seconds after the beginning of the injection of 50 cubic centimeters of 70 per cent 
diodrast. b, Film exposed 5 seconds later, is the fourth in a series of films and demon- 
strates bilateral segmental occlusion of the superficial femoral arteries beginning and 


ending at the level of major arterial branches. 


The generalized arteriosclerotic in- 


volvement of the arterial tree was believed to contraindicate endarterectomy. 


legs. The use of 36 inch films has obviated 
the necessity for multiple injections to attain 
this end (Fig. 1). 

The pathologic and arteriographic char- 
acteristics of the lesions encountered were 
found to be closely related. Significant changes 
in the lumen or the wall of the aorta were 
never observed proximal to the level of the 
superior mesenteric artery and in most cases 
only distal to the renal arteries. In those cases 


in which marked stenosis was found at a level 
between the renal arteries and the bifurcation 
of the common iliac arteries, the intima over 
this entire area was usually involved to a 
variable degree by arteriosclerotic thickening 
and plaque formation. It was unusual to find 
appreciable changes in the external iliac ar- 
teries, but when changes were found there was 
usually diffuse involvement of the major 
arteries in the legs as well. The most marked 
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lig. 2. Drawings from aortograms of 12 patients in 
vhom stenotic lesions were limited to a short segment of a 


degree of stenosis was usually observed near 
the orifice of a major arterial branch; i.e., at 
the level of the inferior mesenteric artery or at 
the bifurcation of the aorta, common iliac, and 
common femoral arteries. It was also observed 
that at a zone of stenosis, variable portions of 
the circumference of the artery were thick- 


ened. In some, an annular “napkin ring” 
lesion was present. In others, an eccentric 
cylindrical thickening of one wall of the artery 
projected sufficiently into the lumen to create 
a crescent-shaped lumen when examined in 
cross-section. When the posterior wall of the 
artery was involved by eccentric thickening, 
the arteriographic picture showed decreased 
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major artery. All patients except 1 (J) complained of in- 
capacitating muscular pain or fatigue upon walking. 


opacity rather than luminal narrowing. In 
several cases, arteriography suggested a de- 
crease in the velocity of blood flow. This was 
shown by delayed filling of the artery distal 
to the stenotic zone (Fig. 3). 

Further pathologic observations and certain 
clinical and operative experiences have sug- 
gested that arterial stenosis of sufficient de- 
gree to cause symptoms is a predisposing lesion 
to the development of arterial thrombosis. 
Partially organized, clotted blood was fre- 
quently found adherent to the luminal surface 
of the intima at the level of stenosis. In those 
cases in which the intima projected sharply 
into the lumen, the clot was thickest in the 
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Fig. 3. Serial aortograms from a 62 year old woman 
complaining of fatigue in the thigh upon walking. b, The 
second film, as indicated by the timer, was exposed 2 
seconds after film in a. Observe the delayed arterial filling 
distal to the stenotic zone in the right common iliac artery, 
stenosis at the orifice of the left hypogastric artery, and the 
dilatation of the right fourth lumbar artery as it connects 
with the iliolumbar branch of the right hypogastric artery 
to assist in collateral blood flow. Although the terminal 
aorta shows marked arteriosclerotic changes, the even, 
normal caliber of the external iliac arteries makes endar- 
terectomy technically feasible. 


concavity immediately distal to the projecting 
intimal edge (Figs. 4 and 5). In some cases, 
the clot lined a part of the arterial wall proxi- 


mal to the thickened intima. There were 6 
patients in whom the original stenotic lesion 
progressed to complete occlusion. In 1, an 
erroneous diagnosis of iliac stenosis had been 
made and the real diagnosis of common 
femoral stenosis overlooked. Exploration at 
the iliac level, which required temporary 
occlusion of the aorta, was followed by com- 
plete common femoral thrombosis. The latter 
occlusion, demonstrated at a later operation, 
was characterized by the formation of an in- 
traluminal blood clot extending in both direc- 
tions from the original stenotic zone as far as 
the first major arterial branch. In the second 





Fig. 4. Aortograms from a 36 year old man,a, before and, 
b, 1 year after endarterectomy. This patient’s preoperative 
symptoms of thigh fatigability and impotence were com- 
pletely relieved by operation. Observe that the localized 
thickening of the posterior wall of the aorta produced 
lessened opacity in the aortograms rather than a decrease 
in luminal caliber. c, The resected specimen, which has 
been cut and opened out, includes the entire segment of 
thickened intima which could be felt at operation. Observe 
the intraluminal collection of clotted blood which is 
present distal to the projecting edge of the intima in the 
terminal aorta. 


case, local, segmental, intraluminal thrombosis 
developed during the operative manipulation 
of a stenotic common iliac artery. In 3 
other patients, complete occlusion developed 
during an observation period following the 
arteriographic diagnosis of marked common 
iliac stenosis. At operation in these cases the 
lumen proximal and distal to the stenotic 
zone was found to be filled by freshly clotted 
blood extending to the level of a major branch. 
In the sixth patient, thromboendarterectomy 
had previously been performed for thrombosis 
of a 10 centimeter segment of the superficial 
femoral artery. A 5 millimeter stenotic zone, 
4 centimeters proximal to the occluded seg- 
ment, was overlooked and later discovered on 
the postoperative arteriogram. Complete 
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Fig. 5. a, Aortograms from a 45 year old man before and 
*, 1 year after endarterectomy performed for bilateral iliac 
ind aorta stenosis. This patient’s symptoms of impotence 
ind bilateral thigh fatigability after exercise were com- 


irterial occlusion centering at this level de- 
veloped 1 year later. This has been the only 
patient, in a series of 50 thromboendarterec- 


tomies, who has been shown to have demon- 
strable stenosis postoperatively and the only 1 
to develop late recurrence of the original 
occlusion. 

These observations have suggested: (1) that 
stenosis due to extraluminal thickening of the 
arterial wall represents an intermediary stage 
in the development of arteriosclerotic arterial 
thrombosis, (2) that the local intraluminal 
accumulation of clotted blood at the site of 
such a stenosis probably is the precipitating 
event in the development of complete occlu- 
sion, and (3) that the collateral flow of blood 
tends to limit the levels of proximal and distal 
extension of the subsequent intraluminal 
thrombus to the levels of major arterial 
branches. 

The specimen obtained from the surgical 
resection of the thickened intima of an arterio- 
sclerotic, stenotic artery is a hollow, inelastic 
cylinder. The inner diameters of the artery at 
the point of greatest narrowing may be meas- 
ured from approximate cross-sections (Figs. 6 
and 7). Measurements in this study have sug- 
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pletely relieved after operation. Observe the annular zones 
of intimal thickening and the accumulation of clotted blood 
distal to them in (b). The intima of iliac arteries distal to 
operative zone showed normal thickness and pliability. 


gested that there is a critical degree of arterial 
narrowing necessary to produce symptoms of 
ischemia. Specimens were available for accu- 
rate luminal measurements in 8 of the patients 
upon whom endarterectomy was performed. 
Each patient had complained of ischemic 
symptoms which were attributed to the effects 
of a localized segment of arterial stenosis. Five 
of the specimens were removed from common 
iliac arteries. The normal cross-section area. of 
the common iliac artery has been found, from 
autopsy measurements, to be approximately 
80 square millimeters. The luminal cross- 
section area at the points of maximum narrow- 
ing in the stenosed common iliac specimens 
averaged 6 square millimeters and was never 
more than 7 square millimeters. There were 5 
patients who had been found by aortography 
to have complete occlusion of one common 
iliac artery and an asymptomatic stenosis of 
the other common iliac artery. Endarterec- 
tomy was performed in both iliac arteries. The 
luminal cross-section area of the asympto- 
matic iliac stenosis exceeded 15 square milli- 
meters in each case. Only 1 specimen from a 
case of segmental stenosis of the aorta alone 
was available for measurement (Fig. 7). The 





SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 6. Cross-sections of the specimen removed from the 
right common iliac artery in a 52 year old man with bilateral 
iliac stenosis. Section (a) was cut at the proximal end of the 
resected specimen and shows the beginning eccentric thick- 
ening of the intima and a thin layer of the resected portion 
of the media. Section (b) shows the crescent-shaped lumen 
at the level of greatest narrowing. The surface area of the 
lumen at this level measured less than ro per cent of normal. 


area of the lumen as measured from the fresh 
specimen was 13 square millimeters. 


The 
average cross-sectional area of the normal 
lower abdominal aorta is approximately 150 
square millimeters. These data have suggested 
that the lumen of a major artery must be 
reduced by at least 90 per cent to produce 
impairment of blood flow sufficient to cause 
ischemic symptoms distal to the level of 
stenosis. 

An explanation for these observations is 
suggested by the work of Mann in 1937 who 
found that in dogs it was necessary to reduce 
the area of the lumen of the carotid artery by 
as much as go per cent before a 50 per cent 
reduction in blood flow occurred. The increase 
in the size of the collateral vessels of the pa- 
tients with arteriosclerotic stenosis tends to 
make our own observations less quantitative. 
More significant is the fact that the presence 
of ischemic symptoms in a patient with arteri- 
osclerotic stenosis may denote a nearly com- 
plete arterial occlusion. 

The clinical findings in the patients whose 
stenotic lesions have been described in the 
preceding paragraphs varied with the degree 


of stenosis, the length of the stenotic segment, 
the level of the lesion in the arterial tree, and 
the presence or absence of occlusive disease 
at levels of the vascular tree distal to the 
stenotic zone. The findings in the 12 patients 
who were found to have a single stenotic seg- 
ment and the 6 in whom the original stenosis 
progressed to complete occlusion appear to 
have particular significance in this study. In 
these patients, the symptoms and signs could 
be referred to a specific level and degree of 
arterial obstruction. The symptoms produced 
by segmental stenosis were similar to the 
symptoms of segmental thrombosis at the 
same level. The patient with stenosis of the 
superficial femoral artery complained of calf 
claudication and chronic coldness of the foot. 
The patient with common femoral stenosis 
who later developed complete femoral occlu- 
sion, complained of severe fatigue of the 
posterior thigh muscles on walking which 
limited his capacity to one-half block. Symp- 
toms at this level were believed to arise from 
impaired blood flow through the deep femoral 
artery. This belief is based upon the similarity 
of complaints with those of another patient 
whose only demonstrable lesion was complete 
occlusion of the deep femoral artery. The 3 
patients with unilateral common iliac stenosis 
described fatigue of the gluteal, as well as the 
thigh muscles, and frequently developed a 
deep aching pain in the hip, produced by walk- 
ing and relieved by rest. In 1 of these patients, 
a diagnosis of arthritis of the hip had been 
considered and, in another, sciatica secondary 
to a herniated intervertebral disc. The hip 
and gluteal symptoms were attributed to 
impaired blood flow through the hypogastric 
arteries because it was observed that such 
symptoms developed only when the stenotit 
zone wasat or proximal te the bifurcation of the 
common iliac artery. Bilateral common iliac 
stenosis produced the symptoms described in 
both extremities and, in addition, was fre- 
quently associated with sexual impotence. 
Five of the 6 male patients in this category 
described inability to attain or maintain penile 
erection. The onset of sexual symptoms coin- 
cided with symptoms in the extremities and 
were believed to result from bilateral impair- 
ment of flow through hypogastric arteries. 
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As with the previously studied group of 
vatients with segmental thrombosis at the 
iortic or iliac level, stenosis at these high 
evels usually produced symptoms in the lower 
eg only after prolonged exertion. The oc- 
asional complaints distal to the knee were 
yrimarily those of numbness or coldness of the 
eet. The genuine pain of classical claudica- 
ion in the calf occurred in only 3 of the 11 
satients with stenosis of the iliac arteries. 

The physical findings in the group of pa- 
ients with segmental arterial stenosis varied 
rom those patients with arterial thrombosis. 
(he combination of a palpable arterial pulse 
nd an audible systolic murmur distal to the 
tenotic zone has been the most significant of 
hese findings. A palpable arterial pulse distal 
) the stenotic segment was present in all of 
he cases except the 1 case in which the 
iperficial femoral artery was involved. The 
‘moral pulse, in cases of iliac or aortic steno- 
is, was occasionally difficult to feel and was 
ever of sufficient intensity to produce more 
1an a moderate deflection by oscillometry at 
ie mid-thigh level. Palpable popliteal or 
edal pulses were present in only 3 of the 10 
atients in this category. Patency of the 
cripheral arteries was demonstrated, how- 
ver, by aortography and by the return of the 
edal pulses after surgical correction of the 
‘tenosis. In g of the patients with sympto- 
1atic aortic or iliac stenosis, a systolic mur- 
iur was audible over the femoral artery. Faint 
-moral pulsations are often palpable in the 
iresence of complete occlusion of the aorta 
iliac arteries due to collateral blood flow 
ut, in our experience, a murmur over the 
cmoral artery has never been heard when the 
sroximal artery is occluded. 

Observations on the intensity of the ab- 
normal systolic murmurs were often significant 
in determining the degree of arterial stenosis. 
The loudest murmurs were those heard over 
the femoral arteries in those patients with 
asymptomatic iliac stenosis. In the case of 1 
patient, a 40 year old asymptomatic woman, 
loud systolic abdominal and femoral murmurs 
were the only manifestations of minimal ar- 
teriosclerotic stenosis of the abdominal aorta 
(lig. 8). Abdominal systolic murmurs have 
also been heard over the abdominal aorta of 2 
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Fig. 7. Aortograms from a 43 year old man with seg- 
mental stenosis of the terminal abdominal aorta a, before 
and d, after endarterectomy. c and d, The lumen at the 
level of maximum stenosis measured less than 8 per cent 
of normal. Three centimeters distal to this level, there 
was no palpable or visible evidence of intimal thickening. 


patients in whom aortograms demonstrated 
an apparently normal lumen. In those pa- 
tients with stenosis of sufficient degree to pro- 
duce symptoms, the murmurs tended to be of 
lesser intensity. These observations suggest 
that the presence of an abnormal murmur may 
indicate only a minimal impediment to blood 
flow and that the evaluation of the significance 
of such a murmur must be made on the basis of 
other clinical findings. 

The tendency for the distal pulse to weaken 
or disappear after exercise has been previously 
described by Ejrup as a characteristic of ar- 
teriosclerotic stenosis. Leg exercise produced 
palpable weakening of the femoral pulse in 2 
of the 12 patients in this series. In the others, 
however, exercise produced an increase in 
strength of the femoral pulse similar to that 
which is observed in normal subjects. This 
variation in response could not be correlated 
with either the degree or the length of the 
stenotic lesion. 
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Fig. 8. Aortogram and phonoangiogram from a 38 year 
old woman in whom loud aortic and femoral systolic mur- 
murs were discovered on routine examination. The 
moderately wide aortic lumen in the stenotic zone and the 
absence of symptoms contraindicate operation at this time. 


In the 4 cases of unilateral stenosis, the cir- 
cumference of the leg at the thigh or calf level 
measured 1 to 3 centimeters less than that of 
the uninvolved extremity. The marked mus- 
cular atrophy in the lower extremities com- 
monly seen with complete occlusion of the 
aorta was not observed. Elevation of the legs 
produced pallor of the feet and subsequent 
dependency was followed by slower than nor- 
mal arterial filling. Gangrene or ulceration 
was not encountered in any of the patients in 
this group. 

Endarterectomy, i.e., surgical resection of 
the diseased intima and the establishment of 
arterial patency by suture of the remaining 
media and adventitia, was performed in 11 of 
the patients with segmental arteriosclerotic 
stenosis. ‘The operative technique was similar 
to that used for thromboendarterectomy in the 
cases of arterial thrombosis described in a 
previous report (4). Bilateral lumbar sym- 


pathectomies were also performed in those 
patients with aortic or iliac lesions. The in- 
dication for operation was the presence of 
symptoms which prevented normal activity. 
A further consideration was the belief that 
stenosis of sufficient degree to cause symptoms 
is a prethrombotic lesion and, as such, consti- 
tutes a threat to preservation of the involved 
extremity. A good result was obtained in 10 
patients. This was characterized by the for- 
mation of a normal arterial lumen, as demon- 
strated by subsequent angiograms (T'igs. 4, 5, 
and 7), the return of pedal pulses, and the 
disappearance of all symptoms. Sexual po- 
tency, as gauged by the ability to maintain a 
normal penile erection, was restored in 4 
patients. It is to be noted, however, that 
ejaculation function was destroyed due, pre- 
sumably, to the necessary division of the pre- 
aortic autonomic nerves. The subjective sen- 
sation of orgasm was retained. The longest 
follow-up period has been 20 months. No 
evidence of recurrence has been observed. 
Complete thrombosis in the segment operated 
upon developed in 1 patient immediately 
after operation. This patient’s symptoms 
were unimproved but evidence of increased 
ischemia was not apparent. There were no 
operative deaths. 

There were 3 patients who were found to 
have significant stenotic lesions proximal to an 
inoperable complete occlusion of the super- 
ficial femoral artery. Each patient com- 
plained of hip and thigh symptoms in addi- 
tion to calf claudication. Endarterectomy for 
aortic stenosis in 1 of the patients relieved the 
upper leg symptoms and greatly improved the 
calf claudication, extending his walking toler- 
ance from 1% block to 5 blocks. In the second 
patient, the development of advanced gan- 
grene of the foot contraindicated endarterec- 
tomy and required amputation of the leg. In 
the third patient aortograms demonstrated 
diffuse stenosis of the aorta and iliac arteries 
which was thought to be too extensive for 
endarterectomy (Fig. 1). The presence of 
multiple occlusive lesions at widely separated 
levels in the arterial tree usually denotes a far 
advanced stage of arteriosclerosis and, in most 
cases, is a contraindication to this type of 
surgical approach. 
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Successful thromboendarterectomy was per- 
formed in 2 of the 3 patients who had de- 
veloped spontaneous complete arterial occlu- 
sion from a previously diagnosed stenosis. The 
magnitude of the operation necessary to re- 
establish the arterial lumen greatly exceeded 
that of endarterectomy for segmental stenosis 
at a similar level, due to the distal propaga- 
tion of the intraluminal thrombus. In the 
third patient, intraluminal thrombosis de- 
veloped distal to a stenotic zone in the lower 
abdominal aorta, extending on the right side 
to the bifurcation of the common iliac artery 
and on the left to the bifurcation of the com- 
mon femoral artery. It was possible to re- 
establish arterial flow through the right iliac 
artery only. It is probable that, if operation 
had been performed earlier in this case, nor- 
mal arterial flow could have been restored in 
both legs. The relative ease of endarterectomy 
for stenotic lesions and the probability of 
eventual complete occlusion if treatment is 
delayed have led us to conclude that early 
operation is indicated for the treatment of seg- 
mental arteriosclerotic stenosis of major arter- 
ies when symptoms of ischemia have developed. 


SUMMARY 


The clinical and pathologic characteristics 
of arteriosclerotic stenosis of major arteries 
have been evaluated from clinical studies on 
27 patients. Arterial stenosis of sufficient 
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degree to produce ischemic symptoms repre- 
sents an almost complete arterial occlusion 
and is a frequent intermediary stage in the 
development of arterial thrombosis. In 12 
patients the stenotic lesion was localized to a 
short segment of a major artery and was, 
therefore, amenable to direct surgical ap- 
proach. Resection of the diseased intima was 
successful in restoring a normal arterial lumen 
and relieving the symptoms of ischemia in 10 
patients. Prolonged expectant treatment in 
symptomatic arterial stenosis may decrease 
the possibility for successful restoration of the 
arterial lumen. 
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THE RELATIONSHIP OF VITAMIN C AND ACTH IN 
EXPERIMENTAL WOUNDS 


J. A. SCHILLING, M.D., F.A.C.S., M. RADAKOVICH, M.D., B. V. FAVATA, M.D., 
L. J. FILER, JR., Ph.D., M.D., and H. W. JESPERSEN, M.S., 
Rochester, New York 


HE PURPOSE of these experiments 

was to evaluate the relation of ACTH 

and vitamin C in wound healing. The 
importance of vitamin C in the pro- 

duction of collagen in healing wounds is well 
known, being conclusively demonstrated by 
Wohlbach and Howe many years ago. Ragan 
and his associates, Spain, and others have re- 
cently indicated the delaying effects of corti- 
sone and ACTH on wound healing in rabbits 
and mice. At the same time Sayers has shown 
that there is a depletion of vitamin C in the 
adrenals of rats following the administration 
of ACTH. Many have demonstrated the re- 
markable clinical effects of ACTH and corti- 
sone in the collagen diseases. It seemed log- 
ical to postulate that the inhibition of fibro- 
plasia and collagen formation in wound healing 
might be related to depletion by ACTH of the 
vitamin C stored in the body. Indeed, re- 
cently several writers, on more or less empirical 
grounds, have stated that vitamin C should be 
given in conditions involving a stress reaction 
or during the administration of ACTH. Stepto 
has recently suggested a relationship between 
ascorbic acid intake and ACTH activity of the 
pituitary. The results of these studies, though 
failing to demonstrate a significant effect of 
ACTH on wound healing, fully confirm the 
observation that vitamin C is the most im- 
portant dietary factor in promoting fibroplasia 
and collagen formation in healing wounds. 
Vitamin C levels in blood serum showed min- 
imal irregular fluctuations during phases of 
wound healing and ACTH administration. In 
tissue juice from the healing area, fluctuations 
in vitamin C concentrations were much great- 
er and seemed to follow a pattern irrespective 
From the Departments of Surgery, Anatomy and Statistical 
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of the administration of vitamin C or ACTH, 
or serum levels of vitamin C. 


METHODS 


Male guinea pigs weighing 400 grams were 
used in order to eliminate the corpus luteum 
as a potential source of vitamin C. The 
animals were randomized and placed in indi- 
vidual metabolism cages and fed a standard 
Rockland diet fortified with 20 milligrams of 
vitamin C per 100 grams. Other animals were 
rendered scorbutic on a standard Sherman 
diet. Fibroplasia was assayed in three differ- 
ent ways. First, the amount of growth in and 
around a subcutaneously implanted hollow 
tantalum mesh sphere or cylinder, illustrated 
in a previous article (11), was recorded grossly 
and studied microscopically using, routinely, 
hematoxylin and eosin stain and Mallory’s 
aniline blue stain for collagen. Fibroblasts 
were also placed in tissue culture to observe, if 
possible, any variations in growth character- 
istics in vitro utilizing methods described in an 
earlier publication (11). Secondly, a standard 
wound was made on the dorsum of the animals 
by excising a circle of skin and subcutaneous 
tissue according to techniques described pre- 
viously (8), through the panniculus carnosus 
measuring 2.5 centimeters in diameter. The 
animals were randomized and the wounds 
photographed at a constant distance and mag- 
nification every third day until closure. The 
photographs of the wounds were traced with a 
planimeter. Thirdly, 3 simple linear incisions, 
3 centimeters in length, were placed on the 
dorsum of the guinea pigs extending through 
the panniculus carnosus. These wounds were 
sutured with 0.003 inch tantalum wire. After 
9 days the sutures were carefully removed, the 
animals sacrificed, and strips 1 centimeter in 
width were cut through the wound by means 
of 2 chisels welded 1 centimeter apart. These 
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TABLE I.—TENSILE STRENGTHS OF INCISED 
WOUNDS AT Q DAYS—EXPERIMENT I 


Scorbutic control. . ere 150.8+ 52.4 
Vitamin C (10 mgm. ).. . «405.0 
Vitamin C (so mgm.).. . 421.8 
ACTH plus vitamin C ‘(io mgm. ‘ -473.0 418.2+13.1 
ACTH plus vitamin C (50 mgm.) ...373.0 


Each value represents an average of 3 wounds on 6 animals. Note 
marked effect of scurvy. Large amounts of vitamin C have no greater 
benefit than smaller doses. No significant effect of ACTH. 


TABLE II.—TENSILE STRENGTHS OF INCISED 
WOUNDS AT 9 DAYS—EXPERIMENT 2 


Scomitie COMIION. <0 6655.6 ccd cic caees 163.2 + 24.9 
Vitamin 318.74 24.9 
ACTH.. 140.5 + 22.7 
ACTH plus vitamin C................. 339-04 22.7 


Each value represents an average of 3 wounds on 5 animals. The varia- 
tions = ed to the presence or absence of vitamin C with no specific 
effect o! 


strips were then placed in a tensiometer and 
tensile strengths determined by using a con- 
stant drip of mercury as indicated in Figure 1. 
Bursting strengths using a Mullen paper 
tester proved unsatisfactory. In addition to 
assaying fibrosis and wound healing by the 
methods described, vitamin C levels were de- 
termined quantitatively by the method of 
Lowry and associates in the blood serum and 
in tissue fluid secured from within tantalum 
mesh cylinders during the first 3 weeks of the 
encapsulating fibrotic process of repair around 
the mesh. In these experiments 6 groups of 
animals were used in varying combinations. 
One served as standard “‘controls” receiving 
Rockland guinea pig chow, the second was 
scorbutic, the third received supplementary 
vitamin C either by mouth or injection, the 
fourth received ACTH, the fifth was scorbutic 
plus ACTH, and the sixth received vitamin C 
and ACTH. The dosage of ACTH was 0.005 


gram intramuscularly twice a day. Vitamin C 


was given orally or by subcutaneous injection 
once a day in 0.010 or 0.050 gram amounts 


RESULTS 


In the first series of experiments, using 90 
guinea pigs and employing the subcutaneously 
implanted mesh, the groups receiving ACTH 
consistently had a more hemorrhagic reaction 
than the controls during the first 10 to 12 
days, but after this they were indistinguishable 
from the controls. The animals receiving both 
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Fig. 1. Diagram of tensiometer utilizing a constant mer- 
cury drip and 1 centimeter strips from linear wounds on the 
dorsum of the guinea pig. When the strip breaks, the mer- 
cury collector drops, lowering the bar, allowing spring 
closure of the 3 way stopcock. 


ACTH and vitamin C consistently showed the 
least gross reaction of any group. Fibrosis was 
maximal, and followed the pattern described 
earlier (11). The scorbutic animals, though 
failing to develop normally, had a marked 
hemorrhagic reaction in and around the mesh 
up to 30 days. Although there was, at this 
time, some decrease in the reaction, there was 
little adherence of the mesh to the bloody 
granulation tissue, and the wounds separated 
easily. The microscopic features of the re- 
actions were essentially the same in all groups 
except the scorbutic series in which fibrosis 
was markedly decreased and very little ground 
substance or collagen was laid down. There 
was the suggestion that fibroblasts from ani- 
mals receiving ACTH grew with less vigor in 
tissue culture than those from “normal” 
animals or from animals supplemented with 
vitamin C. This observation is being studied 
specifically in further experiments. 
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Fig. 2. Wound closure of three groups of guinea pigs as 
measured by planimeter tracings of photographs of wounds, 
expressed as square centimeters. No significant differences 
in rates of closure were noted in any of the treatment 


groups. 


In the second type of experiment, the rate 
of wound closure was determined in a series of 
15 guinea pigs divided into three groups as 
indicated in Figure 2. No significant differ- 
ence was observed in any of the groups. Clos- 
ure was not delayed by ACTH nor was it 
accelerated by the addition of vitamin C. 

In the third type of experiment the tensile 
strengths of simply sutured linear wounds 
were measured. The guinea pigs were arranged 
in 4 or 5 treatment groups using 6 animals for 
each group (Tables I and II). The data in- 
dicated that ACTH did not reduce tensile 
strengths and that large amounts of vitamin C 
did not increase tensile strengths beyond that 
of small amounts. There was the suggestion 
of some interaction between vitamin C and 
ACTH withslight reduction of tensile strengths 
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Fig. 3. Vitamin C concentrations of blood serum (ex- 
periment 1) of guinea pigs following implantation of 
tantalum mesh cylinders. Variations are related to vitamin 
C intake not ACTH. Fifty milligrams of vitamin C ad- 
ministered subcutaneously daily. 
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with ACTH administration, but it did not 
prove to be statistically significant. In all 
groups the scorbutic state was associated with 
a very low tensile strength. The data con- 
cerning vitamin C levels in the blood serum 
and tissue fluid of guinea pigs during the first 
3 weeks of repair are summarized in Figures 3, 
4,and 5. Each point represents the average of 
duplicate determinations on specimens from 5 
animals. Several trends are indicated. The 
tissue fluid exhibits definite fluctuations in 
vitamin C concentration that were reproduci- 
ble and were quite independent of the serum 
level. These variations in vitamin C concen- 
tration may be quite significant and may re- 
present different phases or velocities of the re- 
parative processes. When the animal was 
scorbutic the tissue fluid concentration of 
vitamin C was higher than serum level. When 
the animal received excessive amounts of 
vitamin C the levels in the tissue fluid were 
generally lower than in the serum. ACTH 
seemed to have little effect on these vitamin C 
levels in blood serum or tissue juice. Thus the 
wound fluid may contain vitamin C levels 
very different from those of serum despite re- 
markable similarities of electrolyte and elec- 
trophoretic protein patterns in the two fluids. 


DISCUSSION 


The findings seem definite, namely: in the 
guinea pig ACTH does not seem to delay 
wound healing significantly. Grossly ACTH 
seemed to produce a greater reaction about the 
tantalum mesh spheres during the first days of 
encapsulating fibrosis, resembling a mild 
scorbutic state. The lack of vitamin C re- 
sulted in marked bloody granulation tissue 
with little fibroplasia and collagen formation, 
and a marked reduction in tensile strengths. 
There seemed to be no significant relation 
between ACTH and vitamin C in wound heal- 
ing under these experimental conditions. In 
another unrelated group of experiments in 
which cortisone was used instead of ACTH no 
significant effect of cortisone could be ob- 
served. It should be stressed that only guinea 
pigs were used and that certain caution should 
be used when applying results to man. The 
guinea pig was chosen because they, like man, 
do not synthesize vitamin C and can be rene 








a ae ae ee a 


— “— 











SCHILLING ET AL: 


dered scorbutic. In a recent abstract an almost 
identical experiment is reported by Pirani and 
associates. Studying linear abdominal wounds 
histologically, normal guinea pigs fortified 
with vitamin C showed greater healing, fibro- 
sis, and collagen formation than unfortified 
animals on a standard adequate diet. ACTH 
inhibited collagen formation and fibroplasia 
slightly on the fifth postoperative day in the 
normal controls but had no effect on either the 
scorbutic or fortified animals. The adrenal 
response was not modified significantly by 
variations in the vitamin C intake. They con- 
cluded that the role of ascorbic acid in wound 
healing is a direct one and not mediated 
through the adrenal cortex. 

The clinical implications from these experi- 
ments are that the stress response of a surgical 
procedure has little effect on local wound 
healing in the absence of other metabolic alte- 
rations. The carefully controlled reports by 
Localio (4, 5) on reduction of tensile strengths 
in wounds in rats during pregnancy, following 
multiple fractures, and massive doses of ACTH 
should be mentioned here. However, these 
measurements were made during only one 
phase of the healing process, the fifth day, 
when fibroblastic activity is maximal, but 
when the actual number of fibroblasts is low 
and collagen formation minimal because of the 
time lag. At 10 days no differences could be 
noted. Recent literature is rather contradict- 
tory in regard to the delaying effects of ACTH 
and cortisone in wound healing. A portion of 
this literature has been reviewed by Findlay 
in a paper indicating that cortisone inhibition 
of wound healing is increased by hypopro- 
teinemia and debility. Care should be exer- 
cised in considering the various conflicting 
experimental and clinical results. Species 
variation has already been alluded to. Very 
few observers consider the entire healing cycle 
of a wound. There is tremendous variation in 
the relative biologic dosage levels of the cor- 
ticoids, without due consideration of the state 
of the adrenals. Lastly, in clinical experience, 
the coexistence of metabolic disease, dietary 
variations, and poor liver function with im- 
paired protein synthesis has lead to possible 
error in interpretation of data relating to 
wound healing. 
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Fig. 4. Vitamin C levels in tissue fluid (experiment 1) 
within subcutaneously implanted tantalum mesh cylinders. 
Note fluctuations and variation from serum levels (Fig. 3). 
A slightly lower level of vitamin C in the ACTH treated 
group may be significant. 


The monumental efforts of previous in- 
vestigators is emphasized, namely: that vit- 
amin C is essential for wound healing, which 
according to our concepts is essentially fibro- 
plasia and collagen formation, with surface 
regeneration of epithelium, mucosa, meso- 
thelium, or endothelium, depending on the 
site of the wound. Large amounts of vitamin 
C are nontoxic and seem indicated in all cases 
of major surgery though it is recognized that 
the scorbutic state is quite rare in the human 
subject. In a recent paper, Crandon has re- 
ported interesting studies relating to wide 
tissue variations in vitamin C concentration 
in the buffy coat, whole blood, serum, muscle, 
and fascia in surgical patients. Despite the 
wide ranges of values, clinical scurvy was rare, 
though when present it resulted in wounds 
that failed to heal. Bartlett and associates 
have determined the vitamin C content of 
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healing wounds and adjacent or distant muscle 
in guinea pigs receiving high or low intakes of 
vitamin C. Animals on a scorbutic diet 
showed essentially no increase in ascorbic acid 
in the healing area. With a high ascorbic acid 
intake there were striking increases of vitamin 
C in the healing wound compared with distant 
or control muscle tissue. Our data indicate a 
rather constantly higher level of vitamin C in 
the tissue fluid of healing areas than in the 
serum of the scorbutic animal. The vitamin C 
level in the tissue fluid showed reproducible 
fluctuations during the healing cycle that were 
independent of serum levels. This supports 
our present concept of the basic autonomy of a 
wound and its constant biologic behavior in 
the absence of infection with adequate vitamin 
C and protein stored in the body. 


SUMMARY 


1. Using male guinea pigs, fibrosis and 
wound healing was assayed by the following 
techniques: a subcutaneously implanted tant- 
alum mesh cylinder, wound closures, and ten- 
sile strengths of primarily closed linear wounds. 

2. Vitamin C concentrations were determ- 
ined in blood serum and in tissue juice within 
the tantalum mesh cylinders during the first 3 
weeks of the fibrotic encapsulating and pene- 
trating process following subcutaneous im- 
plantation. 

3. Six treatment groups of animals were 
employed in different combinations: control, 
scorbutic, ACTH, vitamin C, ACTH plus 
vitamin C, and scorbutic plus ACTH. 

4. There was no significant effect of ACTH 
on the healing process or relation between 
ACTH and vitamin C in healing wounds. 

5. Vitamin C seemed to be the most im- 
portant single substance in fibrosis and col- 
lagen formation. 

6. Vitamin C levels in blood serum showed 
moderate irregular fluctuations during phases 
of wound healing and ACTH administration. 

7. In tissue juice from tantalum mesh 
cylinders, fluctuations in vitamin C con- 
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centrations were much greater and seemed to 
follow a pattern independent of the adminis- 
tration of vitamin C or ACTH or blood serum 
levels of vitamin C. 


REFERENCES 


1. BARTLETT, M. K., Jones, C. M., and Ryan, A. E. 
Vitamin C and wound healing—I, experimental 
wounds in guinea pigs. N. England J. M., 1942, 
226: 469-473. 

2. CRANDON, J. H., Mrxat, S., and Lannav, B. S. 
Ascorbic acid in surgical patients with particular 
reference to their blood buffy layer—I, survey of 
blood and tissues. Surg. Gyn. Obst., 1952, 95: 
274-280. 

3. Frnptay, C. W., Jr., and Howes, E. L. The com- 
bined effect of cortisone and partial protein deple- 
tion on wound healing. N. England J. M., 1952, 
246: 597-604. 

4. Locatio, S. A., and Cuassin, J. L. Effect of preg- 
nancy on the tensile strength of healing laparotomy 
wounds in rats. Surgery, 1952, 32: 39-42. 

5. Locatio, S. A. Personal communication. 

6. Lowry, O. H., Lopez, J. A., and Bessey, O. A. The 
determination of ascorbic acid in small amounts of 
blood serum. J. Biol. Chem., 1945, 160: 609-615. 

7. Prrant, C. L., StepTo, R. C., and Consorazio, C. F. 
Effects of ACTH on wound healing at various levels 
of ascorbic acid intake. Fed. Proc., Balt., 1952, 2: 


423. 

8. Rapaxovicn, M., Dutton, A. M., and ScuHILLINe, J. 
A. Effect of total body irradiation on wound clos- 
ure. P. 89. Surgical Forum; Proceedings of the 
Forum Sessions Thirty-seventh Clinical Congress of 
the American College of Surgeons, San Francisco, 
November, 1951. Philadelphia, London: W. B. 
Saunders Co., 1952. 

9. Racan, C., Howes, E. L., PLotz, C. M., Meyer, K., 
and Biunt, J. W. Effect of cortisone on production 
of granulation tissue in the rabbit. Proc. Soc. Exp. 
Biol., N.Y., 1949, 72: 718-721. 

10. Sayers, M. A., SAYERS, G.,and WoopsBury, L. A. The 
assay of adrenocorticotrophic hormone by the ad- 
renal ascorbic acid—depletion method. Endo- 
crinology, 1948, 42: 379-393- 

11. SCHILLING, J. A., FAvATA, B. V., and Rapaxkovicn, M. 
Studies of fibroplasia in wound healing. Surg. Gyn. 
Obst., 1953, 96: 143-149. 

12. SHERMAN, H. C., LAMER, V. K., and CAMPBELL, H. L. 
Quantitative determination of the antiscorbutic 
vitamin (vitamin C). J. Am. Chem. Soc., 1922, 44: 
165-172. . 

13. SPAIN, D. M. Biological studies on cortisone in mice. 
Science, 1950, 112: 335-337- 

14. STEPTO, R. C., Prrani, C. L., FisHer, J. D., and 
SUTHERLAND, K. ACTH content of pituitary at 
different levels of ascorbic acid intake. Fed. Proc. 
Balt., 1952, 2: 429. 

15. WoutBacn, S. B., and Howe, P. R. Intercellular 
substances in experimental scorbutus. Arch. Path., 

Chic., 1926, 1: 1-24. 











ee a a aa ae 











AN EXPERIMENTAL AND CLINICAL EVALUATION OF 


SURGICAL SUTURE MATERIALS—II 


E. THYGE MADSEN, M.D., Copenhagen, Denmark 


F ALL the deep layers of the ab- 
dominal wound, fascia possesses the 
greatest tensile strength. The fol- 
lowing investigations deal entirely 

with interrupted sutures, as the majority of 
surgeons recommend this suture method for 
closure of fascial incisions; moreover, practi- 
cally all the histologic examinations mentioned 
in my previous article! were made on tied in- 
terrupted sutures. About 650 function tests 
were carried out on various suture materials 
inserted in 37 rabbits and in 1 human vol- 
unteer. 


ESSENTIALS OF SUTURE FUNCTION 


Three factors must be considered in order 
to decide whether a suture fulfills its function 
during the wound healing period: (1) The knot 
must be secure and unable to become loosened 
or untied when submitted to moderate trac- 
tion. (2) The thread must not become ab- 
sorbed or otherwise altered to such a degree 
that its tensile strength is essentially reduced 
within 10 to 14 days postoperatively. (3) The 
exudation caused by the suture material must 
not be so marked and so prolonged that the 
tissue becomes weakened and breaks in the 
event that a slight pull is exerted on the 
wound. 

Monofilament nylon, for instance, has great 
and very constant tensile strength. Also when 
buried in the tissues, it is not absorbed and 
produces the most ideal histologic reactions 
for fascial tissue, namely, slight exudation of 
short duration, a small reaction zone around 
the suture, an early appearing and marked 
fibroplasia, and a very solid scar formation. 
If, however, a moderate pull is exerted on the 
suture it is frequently seen that even correctly 
tied triple knots become untied after a short 
stay in the tissue because this suture material 
is too smooth. Plain catgut is even less safe as 


From the Copenhagen University Institute of General Pathology. 
1Surg. Gyn. Obst., 1953, 97: 73-80. 
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the knots usually slip very easily after imbi- 
bition with the tissue fluids and invasion of 
the inflammatory cells, and the thread, as a 
rule, is absorbed so quickly that after 5 to 6 
days it is unable to resist a pull of even less 
than 1,000 grams; furthermore, plain catgut 
even as early as the first day after insertion 
produces a very marked exudation with an ex- 
tensive reaction zone so that the holding power 
of the tissue around the suture and within the 
suture loop is considerably reduced after a few 
days. The suture, therefore, can be torn out of 
the fascia upon the application of only slight 
traction. 


HOLDING POWER OF UNDAMAGED FASCIA 


To obtain an idea of the holding power of 
the fascial tissue around a fresh incision a se- 
ries of experiments were carried out in rabbits 
which were anesthetized with urethane. Sev- 
eral incisions 1 centimeter in length were 
placed in different parts of the dorsal fascia. 
They were closed immediately afterward with 
one suture in the middle of each wound, the 
needle passing in and out at a distance of ex- 
actly 3 millimeters from the incision line in 
each instance. 

When traction was exerted on the suture 
loops with a hook connected with a steelyard, 
considerable variations were found in the hold- 
ing power of the fascia in different places, but 
in rabbits weighing over 2,000 grams the dorsal 
fascia in every place resisted a pull of at least 
2 kilograms. It made no difference whether a 
very thin suture (diameter 0.15 mm.) or a 
very thick suture (diameter 0.80 mm.) was 
inserted; neither did it matter whether a soft 
thread such as catgut or a hard material such 
as wire was used as suture material. The ini- 
tial holding power of the fascia was in no in- 
stance found to be less than 2 kilograms. The 
concern on the part of many surgeons that 
very thin sutures will cut through the fascia 
hardly seems justified. 
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HOLDING POWER OF INCISED FASCIA ON VARI- 
OUS DAYS DURING THE HEALING PERIOD 
In 22 adult rabbits with a body weight of 
more than 2,000 grams, about 180 sterile su- 
tures of nonabsorbable materials were inserted 
in fascial wounds, and traction was applied on 
the suture loops—in some animals on the third 
day, in others on the fourth day, in others on 
the fifth day, and similarly on the sixth, sev- 
enth, eighth, ninth, tenth, twelfth, fourteenth, 
sixteenth, and twenty-first days postopera- 
tively. When these suture materials were used 
the tensile strength of the fascia was in no case 
found to be influenced to such a degree that it 
could not resist a pull of 2 kilograms, even on 
the days immediately after operation when 
exudation is known to be at its maximum. 
This observation contrasts strongly with the 
findings when some types of absorbable ma- 
terials had been used; here the exudation was 
so marked between the fourth and the eighth 
aays that the fascia as a rule was torn when 
traction of less than 500 grams was put on the 
sutures. It is concluded that throughout the 
healing period undamaged fascia of 3 milli- 
meters’ extent on both sides of an incision 
wound practically always possesses a tensile 
strength of at least 2 kilograms per centimeter 
wound line in adult rabbits. 


MINIMUM DEMAND OF FASCIAL SUTURE 
FUNCTION 


As a suture need not be stronger than the 
tissue which it has to hold together a holding 
power of 2 kilograms seems to be a reasonable 
minimum for an interrupted fascial suture 
which is inserted at intervals of 1 centimeter 
and tied with a correct triple knot. The func- 
tion of the suture is adequate when the knot 
does not become untied, when the thread does 
not break, and when the tissue is able to resist 
this pull during a period of to to 14 days after 
the operation. 


STANDARD TECHNIQUE 


The following technique for examination of 
the function of sutures in fascial wounds has 
been developed in accordance with the strict- 
est demands of uniform experimental condi- 
tions, and carefully attempts to evade the risk 
of infection and other factors harmful to wound 





healing. A very detailed description is, there- 
fore, necessary. 

For the experiments at least 3 rabbits are 
used in every series, always healthy adult ani- 
mals on a proper diet and with a weight above 
2,000 grams. The day before the operation 
the hairs on the back are removed with bari- 
um sulfide from the spinae scapulae to the iliac 
crests on both sides, about 5 centimeters from 
the median line. Urethane is injected subcu- 
taneously into the legs 1 hour before the op- 
eration, and the animal is tied to the operating 
table with its back upward. A supplementary 
ether inhalation is sometimes necessary. The 
operator and his assistant wear mask, cap, 
blouse, and sterile rubber gloves lubricated 
with absorbable glove powder. Sterile instru- 
ments and suture materials are used. The skin 
of the animal is swabbed twice with iodine, 
and the operation field is protected with sterile 
towels. 

In the median line a long linear incision is 
made through the skin and the subcutis ex- 
actly over the spinous process. The skin is 
very lax, and the subcutis is thin; on both 
sides it is cut free from the underlying longi- 
tudinal fibers of the erector spinae fascia. Ex- 
actly 3 centimeters from the median line a 
fascial incision is made on both sides. In or- 
der to place the incisions exactly symmetri- 
cally the skin is kept aside with retractors and 
two steel pins, 12 centimeters long and 1.5 
millimeters in diameter, with shallow indenta- 
tions for each centimeter, are temporarily fixed 
to the fascia with thin monofilament nylon su- 
tures at both ends after the exact position has 
been measured out. A linear fascial wound 11 
centimeters in length is produced on the left 
side with a pair of scissors cutting on the lat- 
eral side of the steel pin which is used as a 
ruler. Immediately afterward the wound is 
closed with 1o interrupted sutures of the ma- 
terial to be examined, inserted at each inden- 
tation and tied over the steel pin. By this 
procedure each suture traumatizes the fascial 
tissue equally when the knots are tied, and 
later on when traction tests are to be carried 
out a distinct suture loop of the same diam- 
eter will be found in all the sutures. The same 
curved triangular needle with eye is used for 
all the sutures, and they are inserted so that, 
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as far as possible, a border of 3 millimeters of 
fascia lies between the suture and the incision 
line on both sides. Correct triple knots are 
tied with the needle-holder so that the wound 
is only touched by instruments. Hereafter the 
steel pin is pulled out through all the suture 
loops, and the procedure mentioned is carried 
out on the right side, after the operator has 
changed places with the assistant (in order 
that the working position be exactly the same 
during operation on both sides). If, for in- 
stance, silk and catgut are to be compared, 
the conditions are made as uniform as possible 
and the sutures are placed in the following se- 
quence on the left side: silk, catgut, silk, cat- 
gut; and on the right side in the opposite se- 
quence. 

When all the sutures have been placed in 
the fascial wounds the subcutaneous layer is 
closed in the median line with a continuous 
suture of thin monofilament nylon, and the 
skin is sutured in the same way. The opera- 
tion wound is covered with cotton wool and 
collodion, and finally 50 milliliters of saline 
are injected intramuscularly into the hind legs 
of the animal. 

At various days postoperatively, but pref- 
erably on the fourth, eighth, and sixteenth 
days, one of the animals is anesthetized, and 
testing of the function of the fascial sutures is 
carried out. If the animal were killed the re- 
sults would not be reliable because the tissues 
after a short time become desiccated. A U- 
shaped incision is made in the skin with the 
basis of the U at the spinae scapulae and with 
each of the uprights of the U placed about 4 
centimeters from the median line and parallel 
to it. The skin is gradually rolled caudally 
when the sutures are,found one by one and 
submitted to traction. Previously, swabs are 
taken from the sutures for bacteriologic ex- 
amination, and the macroscopic reactions are 
noticed. 

The traction test is carried out on each su- 
ture separately. A modified safety pin is put 
through the suture loop and closed, and then 
connected with the hook from a suspended 
steelyard on which the load is gradually in- 
creased. In order that the musculofascial tis- 
sue not be pulled up in a cone during the trac- 
tion, a steel plate with an opening for the 
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safety pin is put down over the suture, and a 
gentle counter pressure is exerted with two 
fingers. 

One of the following is observed: (1) The 
knot becomes untied and a 25 to 30 millime- 
ter long crumpled thread can be seen in the 
wound while the empty safety pin is hoisted 
up with the hook. (2) The thread breaks and 
the suture remains in the wound with the knot 
still visible. (3) The tissue is torn and the su- 
ture loop is found at the end of the safety pin 
as it is hoisted up with the hook. (4) The knot 
as well as the thread and the fascial tissue 
withstand a pull of 2 kilograms (the minimum 
demand). 

Every time a suture has failed in one of the 
three ways mentioned it is recorded, and in its 
place another suture is inserted so that the 
distance between every two sutures will al- 
ways be 1 centimeter during the function 
tests. Finally, one or two sutures are excised 
together with the surrounding fascia for mi- 
croscopic examination. These sutures are not 
submitted to traction. More exact measure- 
ments could certainly be obtained with finer 
instruments, although the steelyard used by 
the author is adjusted by the Danish Office of 
Standard Weights and Measures, but a greater 
exactness would hardly be necessary, espe- 
cially as many suture materials vary consid- 
erably in tensile strength even within the same 
thread. 

RESULTS 

Using this standard technique it was pos- 
sible: (a) to test different suture materials and 
compare them under identical conditions in 
order to obtain a sufficient knowledge of their 
reliability; (b) to find out which gauge of a 
given suture material would be strong enough 
to meet the demands of adequate function; 
(c) to determine how many days different ab- 
sorbable suture materials were able to fulfill 
their function; (d) to investigate which con- 
centration of a tanning solution would be 
proper for preparation of an absorbable suture 
material; (e) to demonstrate which method of 
tying knots is preferable. 

a. As an example, silk and catgut X (with 
a very low chromium content) were compared. 
The diameter of the silk thread was 0.40 to 
0.41 millimeter, and the initial strength of a 
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TABLE I.—RESULTS OF TRACTION TESTS 


TABLE II.—RESULTS OF TRACTION TESTS 










































































ON VARIOUS SUTURE MATERIALS ON SILK 
cc Suumeruuial | Novghzyores | TONITE’ patie | urea | Diameter, | ert ot | a 
r (2 kgm. pull) | Knot | Thread Tissue kgm. ” reliable 
Silk 44 of 44 {| o | ° ° a 368 I 0.40-0.41 43 9 of 9 
Cotton 8 of 8 ° ° ° SN ° 0.34-0.35 3-3 9 of 9 
Linen 8 of 8 ° ° ° PY 00 0.30-0.32 2.4 8 of 8 
Stainless steel wire 5 of s ° ° ° TABLE III.—RESULTS OF TRACTION TESTS 
Monofilament nylon 15 of 27 Iz | 0 ° ON CHROMICIZED PEROXIDE CATGUT 
Multifilament perlon 20 of 24 4 ° ° 
Plain catgut 1 of 12 II ° ° 2 Gauge of Diameter enn of No. of 
- Rabbit Cr-H202 mm, | suture loop, sutures 
Peroxide catgut 1 of 11 Io ° ° catgut kgm. reliable 
Iodine peroxide catgut 7 of 11 4 ° ° SB No. 1 0.40-0.42 4.2 8 of 9 
Chromic peroxide catgut 17 of 26 | 2 6 I SN No. 0 0.34-0.37 3-2 9 of 9 























loop of this material when tested in a tensiom- 
eter was found to be 4.5, 4.1, and 4.4 kilo- 
grams (an average of 4.3 kgm.). Catgut X 
had a diameter of 0.43 to 0.45 millimeter, and 
its initial strength was found to be 4.5, 4.2, 
and 4.2 kilograms (an average of 4.3 kgm.). 
Sutures from the same coils of silk and catgut 
X were inserted into fascial incision wounds in 
a female rabbit (b 369; 2,300 gm.), and trac- 
tion tests were carried out on the sixth day 
after the operation. 

Nine silk sutures were tested, and all of 
them resisted a pull of more than 2.5 kilo- 
grams. On microscopic examination of the 
tenth suture, a nonabsorbed black silk suture 
was found in the fascia, with a small reaction 
zone in which fibroplasia and young collage- 
nous fibers were predominant, whereas leuco- 
cytes and edema were not seen. 

Nine catgut X sutures were tested in the 
same way: the first suture resisted <1.0 kilo- 
gram (the knot slipped) ; the second, 1.8 kilo- 
grams (the knot slipped) ; the third, < 1.0 kilo- 
gram (the knot slipped); the fourth, 2.5 kilo- 
grams (the suture was secure)!; the fifth, 2.0 
kilograms (the thread broke); the sixth, 1.5 
kilograms (the knot slipped); the seventh, 1.9 
kilograms (the thread broke); the eighth, 2.5 
kilograms (the suture was secure); the ninth, 
1.6 kilograms (the tissue was torn). 

Microscopy of the tenth suture showed a 
rather wide reaction zone around a catgut su- 


\Secure according to the minimum demand previously men- 
tioned. 


ture with deep cellular invasion in the thread 
(absorption degree 2). Many leucocytes anda 
marked edema were noted, whereas fibroplasia 
was only slight, and practically no collagenous 
fibers were seen. 

This experiment demonstrates that on the 
sixth day postoperatively when the fascial 
wound must still be considered to depend very 
much on the sutures, silk seemed to be a per- 
fectly reliable suture material as 9 out of 9 su- 
tures were able to resist a traction of more 
than 2 kilograms. When, on the other hand, 
catgut X had been used for closure of the 
wound only 3 out of g sutures were reliable 
although the initial tensile strength of this 
catgut was about the same as that of silk 
thread of the same gauge. 

In Table I the results of a series of traction 
tests on various suture materials within 2 to 
14 days after operation are given. From these 
we concluded that silk, cotton, linen, and 
stainless steel wire are preferable for closure 
of fascial wounds. Monofilament nylon should 
only be used if a knot more secure ‘than the 
triple knot is made. Multifilament perlon is 
not always reliable, as even with this suture 
material the knots may occasionally slip. Plain 
catgut and peroxide catgut are absolutely un- 
reliable, whereas the tanned modifications af- 
ford a somewhat greater security depending 
on the preparation with chemicals. 

b. Silk sutures of 3 different gauges were in- 
serted in fascial incision wounds in 3 rabbits, 
and traction tests were carried out 8 days 
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TABLE IV TABLE VII.—TRACTION TESTS ON SUTURE 
a a ——=—== 7 IN MAN : 
: Defective See ee ee ee 
: No. of days | No. of factor Days after Suture Type of | Traction, | Defective 
Rabbit | between operation | sutures insertion material knot kgm. factor 
and traction test reliable ; 
Knot | Thread) Tissue 1 monofil. nylon | granny <1.0 knot 
SA 3 7 of 8 I ° ° plain catgut* reef 3.0 (secure) 
SB 6 8 of 9 I ° ° H:20: catgutt reef <1.0 knot 
NO Io 6 of 6 ° ° ° 2 monofil. nylon | triple 3.0 (secure) 
SC 12 2 0f 9 ° 6 I plain catgut triple 3.0 (secure) 
H20: catgut triple 2.0 knot 
he aes oe TABLE V 7 ae 3 monofil. nylon | quadruple 2.5 | tissue 
| ; | ie Defective factor plain catgut reef <1.0 | knot 
Rabbit oo | — eee cee ame H20: catgut triple | <1.o | tissue 
reliable * 
| | Knot |Thread | Tissue 5 } monofil. nylon | quadruple | 3.0 | (secure) 
SB z | 8 of 9 | : bs bs plain catgut triple | <1.0 tissue 
3 4 | 5 of 9 | 3 be 2 H2O: catgut triple 2.0 tissue 
b 1/10 | sofo | 4 : 2 7 monofil. nylon | quadruple 3.0 (secure) 
plain catgut triple <1.0 thread 
TABLE VI 
F HzO: catgut triple | <1.0 | thread 
No. of | Defective factor 9 monofil nylon | quadruple 3.0 (secure) 
Knots —— ‘ aula plain catgut triple <1.0 | thread 
sit i 
— pi ee H20:2 catgut triple 1.2 | thread 
Right side reef 1 of 8 7 e bed *Plain catgut is sterilized by heat and not impregnated with chromium. 
Left side triple 5 of 7 < a a , scorer yo - sterilized by hydrogen peroxide and contains a small 




















postoperatively with the results shown in Ta- 
ble I. With a minimum demand of function 
of 2 kilograms, No. oo silk proved just as safe 
as No. 1. 

Two different gauges of chromicized perox- 
ide catgut (of a proper chromium content) 
were examined in the same way, and traction 
tests were performed, on the thicker sutures 6 
days postoperatively and on the thinner su- 
tures 8 days postoperatively. The results are 
shown in Table III. No. o chromic catgut 
proved even safer than No. 1. 

These results certainly encourage the tend- 
ency toward the use of finer sutures in surgery. 
How fine the various suture materials may be 
for safe closure of fascial wounds cannot be 
stated with any precision because the tensile 
strength may vary considerably even within 
the same thread. An appropriate margin of 
security is necessary, and it will be necessary 
for more experiments on this subject to be 
instituted before more precise suggestions can 
be given. 

c. Sutures of a chromicized peroxide catgut 
Z, gauge 1 (0.40-0.42 mm.) were inserted in 


fascial wounds in 4 rabbits and tested 3, 6, 10, 
and 12 days postoperatively with the results 
shown in Table IV. 

Sutures of this sort of catgut could be de- 
pended on for about 10 days, but after 12 days 
the threads possessed practically no tensile 
strength. 

This function test serves as a biologic sup- 
plement to the in vitro digestion tests with 
pepsin or trypsin carried out in many suture 
laboratories, but for technical reasons it could 
hardly be used as,a routine method, only as a 
guide. 

d. Fascial incision wounds in 3 rabbits were 
closed with interrupted sutures of chromicized 
peroxide catgut of the same gauge but of 3 dif- 
ferent chromium concentrations and all su- 
tures were submitted to traction tests 6 days 
after the operation with the results shown in 
Table V. 

The chromium content of the catgut in rab- 
bit b was evidently too low, and the results of 
the traction tests were nearly as bad as those 
of plain catgut or ordinary peroxide catgut 
(see Table I). 
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The importance of a proper chromium con- 
tent in catgut sutures used for fascial sutures 
is clearly demonstrated, and also for this pur- 
pose traction tests can be used for guidance. 
The chromium content should not be too high 
as this weakens the thread. Extrusion of su- 
ture knots can only be expected when too 
heavy a suture is used, and this complication 
is difficult to produce experimentally in rabbits. 

e. Two symmetrical fascial incision wounds 
in a rabbit were closed with interrupted catgut 
sutures, on the right side tied with reef knots 
and on the left side with triple knots. Trac- 
tion tests were applied after 12 days, with re- 
sults shown in Table VI. 

These results demonstrate the superiority of 
triple knots over reef knots in catgut sutures 
and confirm the findings by in vitro experi- 
ments of other authors. It must, however, be 
emphasized that even correct triple knots will 
not always prevent sutures from slipping. The 
security of the knots seems to depend more on 
the nature of the suture material than on a 
correct knot tying technique. Unfortunately, 
comparisons between different knots (“gran- 
nies,” reef knots, triple knots) of nonabsorb- 
able suture materials have not yet been under- 
taken by use of this method. 


EXPERIMENTS ON SUTURES IN MAN 


Almost similar experiments were carried out 
on sutures in the fascia jata of a human volun- 
teer. The person under experiment was a male 
of 35 years, height 175 centimeters, weight 75 
kilograms, in good health and on a normal diet 
rich in protein and vitamins. The operations 
were performed in the Surgical Department F 
of the Bispebjerg Municipal Hospital, Copen- 
hagen, by the chief surgeon, Professor E. 
Thomsen, M.D., and his assistants. Under 
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sterile precautions a fascial incision wound 5 
centimeters in length was made in the fascia 
lata on both legs alternately, 6 in all, with an 
interval of 8 days between every two opera- 
tions. Only the skin was anesthetized (with 
I per cent procaine-adrenalin) in order not to 
disturb the tissue reactions in the fascia. 
Three sutures of the same gauge (No. 3= 
0.60 to 0.65 mm.) but of different materials 
were inserted in each fascial wound. The skin 
was closed with sutures of monofilament nylon 
or silk. 

Traction tests were carried out on the su- 
tures I, 2, 3, 5, 7, and g days after the inser- 
tion. The skin wound was reopened, and a 
hook-retractor was put through the suture 
loop and thereafter connected with a steel- 
yard. Measured traction was applied on each 
single suture, and the results are shown in 
Table VIL. 

The tissue together with the suture—or 
around the site of insertion of each suture— 
was afterward excised for microscopy, and the 
findings were, as a whole, similar to the corre- 
sponding observations in rabbits. 

This series of experiments in man, although 
very limited in number, confirms the results 
of the experiments in animals. Every fascial 
suture must be able to resist a proper amount 
of traction throughout the healing period; the 
knot must not slip, the thread must not break, 
and the tissue must not become unduly weak- 
ened through prolonged exudative reactions 
produced by the suture. 

These investigations have only aimed at 
finding out how the sutures behave in the 
wound during the healing period. The author 
is aware of many other factors that have to be 
considered in order to obtain uncomplicated 
healing of operation wounds. 








INTRAPERITONEAL ADMINISTRATION OF TERRAMYCIN 
IN THE TREATMENT OF EXPERIMENTAL PERITONITIS 


WILLIAM E. SCHATTEN, M.D., and WILLIAM E. ABBOTT, M.D., F.A.C.S., Cleveland, Ohio 


HE INTRODUCTION and wide- 

spread use of antibiotics, and the 

recognition and correction of states 

of dehydration and electrolyte imbal- 
ance by the proper administration of paren- 
teral fluids in the treatment of acute bacterial 
peritonitis have resulted in a progressive de- 
crease in mortality and morbidity during the 
past 5 years. However, there still exists an 
appreciable mortality and morbidity. In a 
study of 235 unselected cases of peritonitis, 
Wright and his co-workers reported an over- 
all mortality rate of 9.36 per cent. Death of 
some of the patients in that series was attri- 
buted to causes other than infection ; a mortal- 
ity rate of 3.18 per cent was considered to rep- 
resent the number of patients who died from 
uncontrolled infection despite vigorous anti- 
biotic therapy. Although that represented a 
reduction of their mortality rates of approxi- 
mately 50 per cent as compared with the 2 
years preceding that study, the incidence of 
complications was still high, with proved 
intra-abdominal or pelvic abscesses and wound 
infections occurring. Similarly, in the process 
of studying patients with acute peritonitis at 
the University Hospitals of Cleveland during 
the past year, it was found that an appreciable 
number of them had prolonged illnesses. Intra- 
abdominal and pelvic abscesses following con- 
trol of the acute disease were the most com- 
mon sequelae contributing to morbidity. 
These complications occurred despite vigor- 
ous antibiotic treatment, and the efficacy of 
our methods of parenteral administration of 
antibiotics (intravenous and/or intramuscu- 
lar) was, therefore, questioned. More effective 
methods of treatment must be sought in an 
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attempt to reduce the mortality and morbid- 
ity further following acute bacterial perito- 
nitis. 

The feasibility and efficacy of the intra- 
peritoneal instillation of antibiotics in the 
treatment of peritonitis was an approach to 
the problem that warranted investigation. 
Schweinburg and his associates, by compari- 
son of the results obtained in intraperitoneal, 
intramuscular, intravenous, and postopera- 
tive oral administration of aureomycin in the 
therapy of experimental peritonitis, found 
that intraperitoneal administration was the 
most effective method of sterilizing the peri- 
toneal cavity. The dogs that received aureo- 
mycin intraperitoneally all died as a result of 
chemical peritonitis, however. Silvani and his 
co-workers demonstrated that intraperitoneal 
administration of streptomycin effectively 
sterilized the peritoneal cavity of dogs with 
peritonitis, whereas intramuscular adminis- 
tration did not significantly alter the bacterial 
flora of the peritoneal exudate. Dogs that re- 
ceived streptomycin intraperitoneally all died 
of streptomycin intoxication. In this investi- 
gation it was decided to employ terramycin 
and to compare the intraperitoneal and intra- 
venous routes of administration in the treat- 
ment of acute appendiceal peritonitis in the 
dog. MATERIALS AND METHODS 

Determination of the concentration of terra- 
mycin tolerated intraperitoneally. Crystalline 
terramycin hydrochloride, 10 milligrams in 2 
milliliters of normal saline, was injected twice 
daily into the peritoneal cavity of 7 pairs of 
white rats over a period of 7 days, one pair of 
rats being injected the first day and another 
pair added to the series each successive day 
thereafter. All rats were anesthetized prior to 
injection. 

Autopsy of all rats on the eighth day re- 
vealed no evidence of chemical peritonitis. 
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A concentration of 5 milligrams per milli- 
liter of terramycin injected intraperitoneally, 
as employed in anesthetized rats, was found 
to cause pain when instilled into nonanes- 
thetized dogs. 

Terramycin, 400 milligrams in 200 milli- 
liters of normal saline, was instilled twice 
daily into the peritoneal cavity of 6 dogs over 
a period of 6 days. No pain was experienced 
during or after instillation of the antibiotic 
diluted to a concentration of 2 milligrams per 
milliliter. 

Laparotomy performed on all dogs on the 
fourteenth day following the initial injection 
revealed no evidence of chemical peritonitis. 

Maintenance of dogs and operative procedure. 
Adult mongrel dogs, both male and female, 
varying in weight from 6.8 to 16.2 kilograms, 
were used as subjects. All dogs were inocu- 
lated with anticanine distemper and hepatitis 
serum at the time they were placed in our ani- 
mal hospital and they were kept at least 4 
weeks before they were operated upon. 

Anesthesia was produced with veterinary 
nembutal sodium, 30 milligrams per kilogram 
of body weight, administered intravenously. 
The abdominal area of the dogs was shaved 
and prepared with pHisoderm. The abdomen 
was entered through an upper midline incision 
and the falciform ligament and entire omen- 
tum were excised. The appendix was deliv- 
ered into the wound and the mesoappendix 
was divided and ligated. Contents from the 
colon were forced into the appendix so that 
the organ was greatly distended, and the base 
of the appendix was then ligated at the level 
of the cecal wall. The appendix was crushed 
thoroughly and then returned to the abdomi- 
nal cavity. The abdominal wall was closed in 
two layers; catgut suture material was used 
throughout the procedure. Each dog received 
50 milliliters per kilogram of body weight of 5 
per cent dextrose in distilled water intra- 
venously during the operative procedure. 

Antibiotic and supportive therapy. The dogs 
in this study were divided into 4 groups ac- 
cording to the postoperative antibiotic ther- 
apy they received. One group of 17 dogs re- 
ceived terramycin intraperitoneally, a group 
of 12 dogs received terramycin intravenously, 
a group of 5 dogs was given terramycin intra- 
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venously and normal saline intraperitoneally, 
and a control group of 17 dogs received no 
antibiotic therapy. In dogs receiving intra- 
venous and intraperitoneal antibiotic therapy 
the initial dose of terramycin, 400 milligrams, 
was administered in 200 milliliters of normal 
saline 6 hours following operation. Beginning 
the next morning, 24 hours postoperatively, 
400 milligrams of terramycin in 200 milliliters 
of normal saline was administered twice daily 
for 2 days and once on the third postoperative 
day. In dogs receiving terramycin intraperi- 
toneally, the antibiotic solution was instilled 
through an 18 gauge needle introduced into 
the peritoneal cavity. The needle was re- 
moved after each administration. The 200 
milliliters of terramycin containing fluid was 
allowed to run in as rapidly as possible, the 
average time necessary for instillation being 4 
minutes. In dogs receiving terramycin intra- 
venously, the antibiotic solution was instilled 
through an 18 gauge needle introduced into 
one of the jugular veins; the 200 milliliters of 
fluid were allowed to drip in slowly over a 
period of 20 to 30 minutes. In the series of 
dogs receiving terramycin intravenously and 
normal saline intraperitoneally, 400 milli- 
grams of terramycin were diluted in 16 milli- 
liters of normal saline and injected into a jugu- 
lar vein. The total number of antibiotic doses 
used in the treatment of the disease in each 
series of dogs was 6. No other antibiotic ther- 
apy was given. 

All dogs in each group received the same 
regimen of postoperative supportive therapy, 
the total amount of fluid being based on each 
dog’s body weight. The dogs were not given 
food or water by mouth until the fourth post- 
operative day. They received parenteral 
fluids subcutaneously or intravenously. The 
only fluid administered subcutaneously was 
normal saline (1). Twenty-five milliliters of 
50 per cent dextrose were given intravenously 
twice daily to dogs not receiving dextrose in 
other intravenous fluids. Five per cent dex- 
trose in normal saline was employed as fluid 
for intravenous administration. 

Culture and sensitivity determination meth- 
ods. Peritoneal fluid for culture was obtained 
by introduction of a needle into the right 
lower quadrant and aspiration of at least 5 
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milliliters of fluid. The fluid was centrifuged 
and the sediment used for culturing. Each 
specimen thus obtained was streaked on one 
Endo and two blood agar plates, one blood 
agar plate being placed under anaerobic con- 
ditions. All plates were examined after over- 
night incubation. Positive cultures were 
identified by the usual bacteriologic proce- 
dures. Peritoneal fluid was obtained for cul- 
ture before the initial dose of terramycin (6 
hours postoperatively) and every morning be- 
fore a dose of terramycin was administered. 
The same schedule of obtaining samples for 
culture was followed in control dogs who did 
not receive terramycin therapy. After the 
fourth postoperative day, peritoneal fluid was 
cultured every second or third day, as long as 
it could be obtained by paracentesis. No fluid 
obtained at postmortem examinations was 
cultured. Blood was obtained from jugular 
veins and the schedule of culturing was the 
same as that for peritoneal fluid. Blood was 
cultured aerobically and anaerobically in 
tryptose broth and thioglycollate media. 

Many strains of clostridium cultured from 
peritoneal samples were isolated in pure cul- 
ture and a test for lecithinase, as described by 
Nagler, was performed. This test consists of 
mixing 0.3 milliliter of human serum inacti- 
vated by heating at 56 degrees C. for 60 min- 
utes and o.3 milliliter of nutrient broth in each 
of 2 test tubes and adding one drop of Clos- 
tridium welchii antitoxin to the contents of 
one tube. Both tubes are then inoculated 
with one drop of a culture of the clostridium 
to be tested and incubated for 16 hours in an 
anaerobe jar. If, in the tube without antitoxin 
there is an obvious opalescence and, in the 
tube with antitoxin, the medium remains 
clear, Clostridium welchii is the organism 
present and its ability to produce lecithinase 
is demonstrated. 

Organisms cultured from the peritoneal 
fluid of dogs receiving intraperitoneal or intra- 
venous terramycin therapy were isolated in 
pure culture and the in vitro sensitivity of the 
bacteria to terramycin ascertained by a serial 
tube dilution method. The highest concen- 
tration of terramycin used in these determina- 
tions was 300 micrograms per milliliter and 
serial two-fold dilutions were made to the 
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lowest concentration of 2.35 micrograms per 
milliliter. The terramycin used for testing 
was inoculated in 0.5 milliliter quantities with 
0.5 milliliter of a 10~ dilution of an 18 hour 
broth culture of the organism to be tested. 
The tubes were examined after overnight in- 
cubation; complete inhibition of growth was 
selected as the end-point. 

Determination of terramycin levels. The peri- 
toneal fluid and serum of dogs receiving terra- 
mycin therapy were assayed for terramycin by 
a method similar to that described by Herrell 
and his co-workers. A strain of Bacillus cereus 
was used as the test organism. The assay 
method is one of serial dilution in tryptose 
broth of the initial sample of fluid placed in 
the first tube. After dilution, 0.5 milliliter 
quantities remaining in each tube are inocu- 
lated with o.5 milliliter of a 10~* dilution of an 
18 hour broth culture of Bacillus cereus. A 
standard using terramycin was freshly pre- 
pared every time samples were assayed. The 
tubes were examined after overnight incuba- 
tion. After determination of the end-point of 
the standard, the concentration of terramycin 
in the sample was calculated. Peritoneal fluid 
and serum were obtained for assay 18 hours 
after the initial dose of 400 milligrams of terra- 
mycin and 1 hour, 3 hours, and 6 hours follow- 
ing the second and third doses. 


RESULTS 


Fifty-one dogs in which acute appendiceal 
peritonitis was produced are included in this 
study. The mortality rate and the length of 
survival of dogs in each group are shown in 
Table I. No dog that survived less than 24 
hours postoperatively was included in any 
series. All other dogs were included in this 
study, regardless of the cause of death. There 
were no deaths or untoward reactions follow- 
ing injection of terramycin, either intraperi- 
toneally or intravenously. All dogs that were 
operated upon developed an acute appendic- 
eal peritonitis, as proved by bacteriologic 
studies, autopsy, or laparotomy at the time 
of sacrifice. All control animals exhibited a 
similar clinical course, the first phase being 
characterized by recovery from the anesthetic 
and apparent well-being for a variable period 
of time. Following that phase, they began to 
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TABLE I.—TIME AND NUMBER OF DEATHS 
OF CONTROL AND TREATED ANIMALS 












































Mortality 
te at 
No. of| 1-4 7 | S24 | 25-21] 
Group dogs | days & days | days = ae 
; per cent 
Control 17 17 100 
Intravenous terramy- 
cin 12 12 100 
Intravenous terramy- 
cin and intraperi- 
toneal normal saline 5 4 I 100 
Intraperitoneal terra- 
mycin 17 3 4 I I 52.9 





vomit, grow progressively lethargic, and die. 
They all exhibited moderate hyperthermia 
and marked leucocytosis. The average sur- 
vival time of the control animals was 40.3 
hours. The average survival time of the dogs 
receiving intravenous terramycin was 55.4 
hours; the average survival time of the dogs 
that received intraperitoneal normal saline in 
addition to intravenous terramycin was 55.2 
hours. The dogs receiving intravenous terra- 
mycin thus averaged only 15 hours longer than 
the control dogs and, correspondingly, there 
was little difference in the clinical courses ex- 
hibited by the two groups. The addition of 
intraperitoneal normal saline to the regimen 
of intravenous terramycin therapy did not in 
any way influence the mortality rate or aver- 
age survival time. The average survival time 
of dogs receiving intraperitoneal terramycin, 
excluding the ro dogs in that series that sur- 
vived at least 1 week, was 100.6 hours, and, 
correspondingly, the clinical course was favor- 
ably altered. All dogs recéiving intraperi- 
toneal terramycin experienced a period of ap- 
parent well-being that lasted 48 to 60 hours 
following recovery from the anesthetic. Many 
of them went through a period of crisis from 
that time until the fourth or fifth postopera- 
tive day. This period was characterized by 
nausea, vomiting, lethargy, and a tendency to 
become.dehydrated. A few dogs that received 
terramycin intraperitoneally did not experi- 
ence a period that was recognizable as being a 
crisis; they. did well from the time they re- 
covered from the anesthetic and intraperi- 
toneal therapy was instituted. 

In no instance was there a period of more 
than 8 hours between times of observation of 
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the animals. However, many of the dogs died 
at night and it was impossible to estimate the 
exact time of death. It is felt, therefore, that 
the difference between the survival time of the 
control dogs and those treated with intrave- 
nous terramycin is of questionable signifi- 
cance, but the difference between the survival 
time of the control dogs and those treated 
with intraperitoneal terramycin is of definite 
significance. 

Autopsies were performed on all dogs as 
soon after death as possible. There was very 
little difference in the findings in the control 
dogs and those receiving intravenous terra- 
mycin. The appendix was found to be com- 
pletely necrotic in all instances; it was usually 
intact with the ligature at the base and there 
were varying degrees of walling-off by adja- 
cent loops of intestine. The attempted local- 
ization was almost always in the region of the 
descending duodenum. There were different 
amounts of fibrinous exudate and plication of 
the intestines and all degrees of hyperemia 
and thickening of the intestinal wall, mesen- 
tery, and visceral and parietal peritoneum. 
No gross abnormalities of the kidneys, adre- 
nals, liver, lungs, or heart were noted in any 
dog. There were noticeable differences in the 
autopsy findings of most of the dogs that re- 
ceived intraperitoneal terramycin. There was 
a great deal less fibrinous exudation and rare 
instances of plication of intestine, other than 
loops involved in the process of localization of 
the appendix. There was noticeably less 
thickening and discoloration of the mesentery 
and visceral and parietal peritoneum. The 
process of localization of the appendix was 
further advanced in all of these dogs, prob- 
ably because of the longer length of life be-, 
tween onset of the disease and the time of 
autopsy. There was no difference in findings 
at autopsy in the dogs that received intraperi- 
toneal normal saline in addition to intrave- 
nous terramycin and those that received only 
intravenous terramycin; that is, the instilla- 
tion of normal saline intraperitoneally did not 
decrease or increase the amount of fibrinous 
exudate, plication of the intestine, or perito- 
neal thickening. 

It was difficult to explain the death of sev- 
eral dogs treated with terramycin intraperi- 
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toneally on the basis of findings at autopsy, 
because it seemed that the peritonitis had 
been adequately controlled. 

All dogs that survived 21 days were in ex- 
cellent health, clinically. At the time they 
were sacrificed, a glistening parietal and vis- 
ceral peritoneum was evident, the abdominal 
contents appeared entirely normal, and no 
fluid was present in the peritoneal cavity. 
There was no plication of any portion of the 
intestine beside the loops that were involved 
in localization of the appendix. The appendix 
was not identifiable in any instance; occa- 
sionally a small sterile abscess cavity in the 
central portion of the walled-off area was pres- 
ent. There were no internal or external fis- 
tulas. 

Seventy-two per cent of cultures of peri- 
toneal fluid aspirated 6 hours postoperatively 
were positive and, in 84 per cent of those cul- 
tures, more than one organism was identified. 
The organisms isolated in the 6 hour post- 
operative specimens are not included in Table 
II. Only those organisms are included that 
were cultured from specimens taken at least 
18 hours after therapy was instituted. The 
distribution of bacteria isolated from dogs 
comprising each group is shown in Table II. 
It can be seen that there were only 2 control 
dogs, 2 dogs receiving intravenous terramy- 
cin, and 1 dog receiving intravenous terramy- 
cin plus intraperitoneal normal saline in which 
no gram positive cocci were isolated. On the 
other hand, there were 15 dogs receiving intra- 
peritoneal terramycin in which no gram posi- 
tive cocci were isolated. In one intraperi- 
toneally treated dog that died 77.5 hours post- 
operatively, a Staphylococcus albus was iso- 
lated from a 24 hour postoperative peritoneal 
culture; the organism was not isolated from 3 
other peritoneal cultures drawn before death. 
In another intraperitoneally treated dog that 
died 76 hours postoperatively, a nonhemolytic 
streptococcus was isolated from both 24 hour 
and 72 hour postoperative peritoneal cultures. 
Regardless of the method of treatment, death 
occurred within 96 hours in all dogs from 
which a gram positive coccus was isolated 
from the peritoneal fluid. On the other hand, 
certain organisms, Escherichia coli, Proteus 
vulgaris, and Clostridium welchii, were iso- 
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TABLE II.—DISTRIBUTION OF MICRO-ORGANISMS 
ISOLATED FROM PERITONEAL CAVITY 




































































No. of dogs in each group from which 
the specified organism was isolated 
Organism oe | Intravenous | Intra- 
venous terramycin peri- 
Control | Arcrng and intra- | toneal 
pectic’ peritoneal terra- 
| y normal saline} mycin 
Nonhemolytic Staphylococ- | 
cus albus ee ee 2 I 
Hemolytic Staphylococcus 
albus 4 | 3 | 
Staphylococcus aureus ~~ | I | I 
Alpha hemolytic streptocci 6 | S. 2 
Beta hemolytic streptocci 3 3 I 
Nonhemolytic streptocci 6 5 2 I 
Anaerobic streptocci 3 I I 
Escherichia coli 14 10 3 12 
Aerobacter aerogenes 2 
Proteus 6 6 2 12 
Clostridium welchii 12 II 4 15 
Bacillus subtilis I 
Paracolon 2 
No gram positive cocci iso- 
lated 2 2 | I 15 
Total cases cultured 17 rm | 5 17 














lated from repeated peritoneal samples ob- 
tained as long as 14 days postoperatively from 
dogs that survived the experimental period, 
appeared to be well, and were proved at 
autopsy to have recovered fully from the dis- 
ease. Excluding the initial culture obtained 
prior to the institution of therapy, Escherichia 
coli, Proteus vulgaris, and Clostridium welchii 
were the only organisms isolated from any dog 
that survived as long as 7 days. All strains of 
clostridium that were isolated and tested were 
found to produce lecithinase and were there- 
fore classified as Clostridium welchii. Suffi- 
cient quantity of peritoneal fluid for culture 
was obtained as long as 14 days postopera- 
tively from 3 of 8 of the dogs that survived 
the 21 day experimental period. No perito- 
neal fluid could be aspirated from any dog after 
the seventeenth postoperative day. 

Positive blood cultures were obtained in 
only 5 control dogs, 4 intravenously treated 
dogs, and 1 intraperitoneally treated dog. 
Clostridium welchii was the only organism iso- 
lated in 5 of the ro instances of positive blood 
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Fig. 1. Average terramycin levels in peritoneal fluid of 10 
dogs (5 intraperitoneally treated and 5 intravenously 
treated) following 400 milligrams of terramycin twice daily. 


cultures, and it was isolated in combination 
with different organisms in 3 of the other 5 
cultures. 

Typical results of the in vitro sensitivities 
to terramycin of various bacteria isolated from 


the peritoneal fluid of treated dogs are shown 


in Table III. Only the proteus organisms 
consistently required high concentrations in 
vitro for inhibition. In many instances, dif- 
ferent strains of the same organism isolated 
from one dog during the course of its illness 
were tested. When there was no difference in 
the sensitivity determination, only one value 
was tabulated; when different strains of the 


same organism showed different degrees of 
sensitivity, both values were tabulated. The 
29 strains of Escherichia coli tested represent 
those isolated from 19 dogs. In 10 instances 
different values were obtained by testing 2 
strains isolated from the same dog. There 
was marked variance in the values obtained in 
those 10 instances. One strain from a dog was 
indicated as being sensitive to 4.69 micro- 
grams per milliliter and another strain from 
the same dog was indicated as requiring 300 
micrograms per milliliter for inhibition. No 
other species of bacteria so tested showed 
different degrees of sensitivity when different 
strains were tested. 

The average terramycin levels occurring in 
the peritoneal fluid and serum of 1o treated 
dogs are shown in Figures'1 and 2. The devia- 
tions from the average values were slight so it 
was not believed necessary to show the curve 
for each animal. Peritoneal levels as high as 
512 micrograms per milliliter were obtained 
within 1 hour after administration of 400 milli- 
grams of terramycin intraperitoneally, and 
levels as high as 128 micrograms per milliliter 
were maintained for the following 3 hours. At 
the end of 6 hours, the levels dropped and 
were not appreciably higher than those ob- 
served following the intravenous administra- 
tion of an equal dose of terramycin. It can be 
seen that there was a great deal of difference 
in the peritoneal levels obtained during the 6 
hours following intravenous and _ intraperi- 
toneal administration of equal doses of the 
drug. The highest level reached following 
intravenous administration was 32 micro- 


TABLE III.—IN VITRO SENSITIVITY TO TERRAMYCIN OF BACTERIA ISOLATED FROM 


THE 


PERITONEAL CAVITIES OF TREATED DOGS 








No. of 
strains 
inhibited by 
2.5 mcg./ml. 


Cul No. of 
: ultures strains 
Organism tested 


9 mcg./ml. 


inhibited by 


No. of 
strains 
inhibited by 
300 mcg./ml. 
or more 


No. of 
strains 
inhibited b: 
19 mcg./ml. 


No. of 
strains 
inhibited b 
37 mcg./ml. 


No. of 
inhibited b 
inhibite 
75 roma h | 


strains 
inhibited by 
150 mcg./ml. 





Staphylococcus albus 14 3 


3 8 





Alpha hemolytic streptocci 4 





Beta hemolytic streptocci 3 





Nonhemolytic streptocci 7 





Escherichia coli 





Proteus 














Clostridium welchii 























SCHATTEN Et At.: TERRAMYCIN 
grams per milliliter, occurring at the end of 3 
hours. Examination of Figure 2 shows that 
there is little difference between the serum 
levels obtained following the intraperitoneal 
and intravenous administration of equal doses 
of terramycin. 


DISCUSSION 


It has been indirectly suggested by several 
studies in the recent past that the intraperi- 
toneal route of administration would be the 
most efficacious method of administering anti- 
biotics in the treatment of acute bacterial 
peritonitis. Steinberg and Goldblatt have 
shown that the intraperitoneal instillation of 
a suspension of Escherichia coli in normal 
saline into a dog does not cause death of the 
animal, but the intraperitoneal instillation of 
a suspension of Escherichia coli in gum traga- 
canth does produce death. By cannulating 
the thoracic duct and femoral artery and cul- 
turing lymph and blood, these workers demon- 
strated that the effect of gum tragacanth was 
to retard greatly and, in some instances, to 
prevent the passage of bacteria into the 
lymphatic and blood streams. Instillation of 
a saline suspension of Escherichia coli, on the 
other hand, was found to be followed by the 
passage of large numbers of bacteria into the 
lymphatic and blood streams. It was, there- 
fore, demonstrated that the presence of bac- 
teria in the peritoneal cavity is of great im- 
portance. Retention of bacteria in the peri- 
toneal cavity is associated with death of an 
animal, whereas rapid diffusion throughout 
the peritoneal cavity and passage of bacteria 
into the blood stream is associated with sur- 
vival. It has been shown by these studies and 
others that the peripheral blood and reticulo- 
endothelial systems possess adequate bacteri- 
cidal powers. Such findings suggest that ther- 
apeutic attempts at effective sterilization of 
the peritoneal cavity is all-important in the 
treatment of peritonitis and that perhaps at- 
tempted sterilization of the blood stream is of 
secondary importance. 

Steinberg «and Martin showed conclusively 
that diffusion of bacteria occurs rapidly 
throughout the peritoneal cavity from the 
time of onset of an infection. They pointed 
out that diffusion of bacteria in the peritoneal 
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Fig. 2. Average serum terramycin levels of 10 dogs (5 
intraperitoneally treated and 5 intravenously treated) fol- 
lowing 400 milligrams of terramycin twice daily. 


cavity made possible the obvious advantage 
of exposure of the bacteria to a large perito- 
neal surface area. In this study, 72 per cent of 
the cultures obtained by aspiration of fluid 
from the general peritoneal cavity 6 hours 
postoperatively were positive. This indicates 
that diffusion of bacteria throughout the peri- 
toneal cavity is extremely rapid. It has thus 
been shown by the studies mentioned that 
diffusion of bacteria throughout the peritoneal 
cavity is rapid, occurs early in the over-all 
process, and is beneficial. Localization repre- 
sents the end process rather than the initial 
process of a peritoneal infection. 

In an attempt to sterilize the peritoneal 
cavity effectively in instances of peritonitis, 
the intraperitoneal use of chemotherapeutic 
agents at the time of operation was instituted 
shortly after introduction of the sulfonamides. 
Epps, Ley, and Howard, in 1942, found that 
the intraperitoneal administration of a sulfa- 
thiazole suspension was more effective than 
the intravenous route of administration of the 
drug in the treatment of experimental peri- 
tonitis. It was realized during those studies 
that, to be effective, the antibiotic had to be 
given in suspension or solution so that it would 
diffuse rapidly throughout the peritoneal cav- 
ity. It is of interest that, of 4 drugs they ad- 
ministered intraperitoneally, the one adminis- 
tered in suspension rather than in solution was 
more effective, presumably because a longer 
time of action in the peritoneal cavity was 
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thus afforded before absorption occurred. In 
contrast to that study, subsequent work 
showed that attempts at the use of sulfona- 
mide derivatives intraperitoneally were not 
successful. However, those studies were done 
with the powdered form of sulfonamide and, 
since such material acted as a foreign body, 
was irritating, and was quickly walled-off in 
the peritoneal cavity, the action of the pow- 
dered form of the drug was dependent entirely 
upon local absorption and there was little 
beneficial effect in the general peritoneal 
cavity. 

The results of this study demonstrate that 
the intraperitoneal administration of solutions 
of terramycin is a great deal more effective 
than the intravenous administration in the 
treatment of experimental peritonitis in the 
dog. In reviewing the literature, it is ex- 
tremely difficult to correlate the results ob- 
tained by different investigators who have 
evaluated antibiotics and modes of adminis- 
tration in the postoperative therapy of experi- 
mental peritonitis. It would appear that it is 
very difficult to standardize the production of 
experimental appendiceal peritonitis in the 
dog and that many preoperative and post- 


operative factors influence the survival times 


and mortality rates. Kay and Lockwood 
found that the single most significant factor 
affecting the mortality rate of dogs with ex- 
perimental appendiceal peritonitis was the 
length of time the dogs were in the hospital 
pound before the time of operation. There 
was a lower mortality rate in dogs that were 
kept in the pound a long period of time than 
in those that were kept a shorter period of 
time. In our study it was found that, in keep- 
ing all dogs in our animal hospital an average 
of 4 weeks before they were used, approxi- 
mately 25 per cent of them died during that 
time, despite the fact they were all inoculated 
on admission. It is believed that by observing 
dogs for 3 to 4 weeks before employing them 
for experimental studies, the incidence of 
postoperative deaths due to unknown causes 
will be decreased and there will be longer sur- 
vival times because, apparently, only the 
healthier dogs survive existence in a pound. 
It is also believed that, by excluding from each 
series all dogs that do not survive 24 hours 
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postoperatively, a truer comparison of deaths 
due to peritonitis can be obtained; 12.1 per 
cent of the dogs that were operated upon in 
this study did not survive the 24 hour post- 
operative period; the cause of death could not 
be determined in the majority of instances. 
There were dogs in each of the 4 groups that 
did not survive 24 hours postoperatively and 
all were excluded from this study. 

In the treatment of dogs with peritonitis 
with intraperitoneal administration of terra- 
mycin, the mortality rate at the end of 7 days 
was 41.1 per cent, whereas treatment with 
intravenous terramycin resulted in a mortal- 
ity rate of 100 per cent. It is believed that the 
difference in the mortality rates of the intra- 
peritoneal and intravenous groups is due to 
more effective sterilization of the peritoneal 
cavity by the diffusion of concentrated terra- 
mycin throughout the peritoneal cavity that 
occurs after intraperitoneal instillation. It ap- 
pears that the mechanical factor of instilling 
200 milliliters of normal saline into the peri- 
toneal cavity twice daily does not lessen the 
amount of fibrinous exudate or plication of the 
intestine. Those responses of the peritoneal 
cavity seem to be entirely the result of bac- 
terial invasion and they were lessened in the 
dogs treated with intraperitoneal terramycin 
only because the peritoneal cavity was more 
completely sterilized. It should be emphasized 
that the intraperitoneal instillation of fluids 
did not in any way interfere with walling-off 
processes within the abdominal cavity. This 
finding is in accord with that of Narat and his 
co-workers (11), who studied the effects of the 
intraperitoneal instillation of normal saline in 
dogs with peritonitis. 

There was correlation of the bacteria isolated. 
from the peritoneal fluid with mortality of the 
dogs. Regardless of the method of therapy, 
death occurred within 96 hours in all dogs 
from which gram positive cocci were isolated 
after therapy was instituted. This strongly 
supports the belief of Altemeier and Crile that 
peritonitis is primarily a synergistic infection 
in which gram positive cocci are more impor- 
tant, and it gives an indication as to the rea- 
son penicillin, alone, is as effective as it has 
been found to be in the treatment of experi- 
mental and clinical peritonitis. The bacterio- 
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logic studies also demonstrate that Escherichia 
coli, Proteus vulgaris, and Clostridium welchii 
were present in the peritoneal cavities of sur- 
viving dogs. In only 3 of 78 peritoneal cultures 
drawn during the illnesses of the 17 dogs com- 
prising the intraperitoneally treated group 
was any organism other than Escherichia coli, 
Proteus vulgaris, or Clostridium welchii iso- 
lated after the initial dose of intraperitoneal 
terramycin was given. In marked contrast, 
there were 14 of the 17 dogs comprising the 
intravenously treated group in which organ- 
isms other than Escherichia coli, Proteus vul- 
garis, and Clostridium welchii were cultured. 

The fact there were only 10 positive cul- 
tures out of 91 blood cultures from 51 dogs 
demonstrates the tremendous bactericidal 
capacity of the reticuloendothelial system. 
Beeson, Brannon, and Warren have clearly 
shown that the liver is an excellent filtering 
mechanism and that the majority of bacteria 
are removed by that organ. It is of interest 
that Clostridium welchii was isolated from 8 
of the 10 positive blood cultures. The fact 
that Clostridium welchii was cultured re- 
peatedly from the peritoneal cavity of every 
one of the surviving dogs in this study is in 
keeping with the findings of Meleney, who 
showed that Clostridium welchii is not par- 
ticularly virulent in the peritoneal cavity and 
that it is essentially saprophytic rather than 
pathogenic. 

Sensitivity studies of various bacteria iso- 
lated from the peritoneal cavities of intrave- 
nously treated dogs show that some organisms 
that were found to be present and to persist in 
the peritoneal cavities of those dogs were 
sensitive to terramycin in vitro, despite the 
demonstration of supposedly adequate terra- 
mycin levels in the peritoneal fluid. These 
findings are in accord with those of others. 
Zintel and his co-workers explained this para- 
dox of the persistence of sensitive organisms 
in the peritoneal cavity as probably being due 
to survival of the organisms in necrotic ap- 
pendiceal tissues and walled-off cavities. How- 
ever, he pointed out that in his study it was 
also found that sensitive bacteria were present 
on grossly normal peritoneal surfaces of dogs 
that were autopsied. Silvani and his associ- 
ates, in studying the efficacy of streptomycin 
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in the therapy of experimental peritonitis, 
found that, according to the results of in vitro 
sensitivity determinations, many of the organ- 
isms that persisted in the peritoneal fluid of 
intramuscularly treated dogs were sensitive to 
streptomycin. The explanation of “hiding” 
of organisms in the peritoneal cavity does not 
explain the persistence of organisms in dogs 
comprising the intravenously treated group in 
this study. As can be seen from examination 
of Table II, there was no decrease in the num- 
ber of organisms isolated from the group of 
dogs in which intraperitoneal normal saline 
was instilled twice daily in addition to intra- 
venous terramycin therapy. If the explana- 
tion was inaccessibility of the organisms, the 
saline administered intraperitoneally should 
have decreased the number by exposing them 
better to the action of terramycin. It is be- 
lieved that the persistence of apparently sensi- 
tive organisms in the peritoneal cavity of 
intravenously treated dogs, in which perito- 
neal terramycin levels are demonstrated to be 
as high as concentrations of terramycin used 
in the tests, is a demonstration of the limita- 
tions of in vitro sensitivity testing. The dis- 
crepancy between the in vitro sensitivity stud- 
ies and the persistence of apparently sensitive 
organisms in the peritoneal cavity is no greater 
than the difference in the set of circumstances 
that prevails when bacteria are subjected to 
concentrations of terramycin in the test tube 
and in the peritoneal cavity. The testing of 
Clostridium welchii, for example, was particu- 
larly poor, as evidenced by the fact that 5 of 
the 7 strains tested in vitro were shown to be 
sensitive to 9.38 micrograms per milliliter or 
less. In vivo, the organisms persisted in the 
peritoneal cavities and were isolated on re- 
peated cultures in 31 of the 34 treated dogs. 
The difficulty in assigning an in vitro sensi- 
tivity value to an Escherichia coli organism 
isolated from an infectious process is indicated 
by the difference in values obtained when dif- 
ferent strains from the same culture were 
tested. 

There was marked difference in the peri- 
toneal fluid terramycin levels following ad- 
ministration of equal doses of terramycin by 
the intraperitoneal and intravenous routes. 
Since the peritoneal level 6 hours after intra- 
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peritoneal administration is no greater than 
that observed 6 hours following intravenous 
administration of equal doses of the drug, it 
must be concluded that the high spikes in the 
peritoneal levels and the diffusion of concen- 
trated terramycin throughout the peritoneal 
cavity that are associated with intraperitoneal 
administration are important in sterilization 
of the peritoneal cavity, and account for the 
greater effectiveness of that method of treat- 
ment. Demonstration that sterilization of the 
peritoneal cavity is effected by the diffusion of 
terramycin in high concentrations throughout 
that region is afforded by the fact that the 
intraperitoneal administration resulted in al- 
most complete elimination of pathogenic or- 
ganisms from the peritoneal cavity, whereas 
intravenous administration, with or without 
the addition of normal saline intraperitoneally, 
did not alter the bacterial flora. It is interest- 
ing that there is no appreciable difference in 
the serum terramycin levels following adminis- 
tration of equal doses by the two methods. 
That is indicative of the rapid passage of 
terramycin across the semipermeable peri- 
toneal membrane. 

In considering the intraperitoneal adminis- 
tration of antibiotics in the therapy of peri- 
tonitis in patients, there are certain points 
that should be emphasized. A thorough under- 
standing of the fluid and electrolyte changes 
that occur following the intraperitoneal ad- 
ministration of fluids is mandatory. It has 
been conclusively shown that the intraperi- 
toneal injection of hypertonic solutions or iso- 
tonic solutions low in, or devoid of, inorganic 
electrolytes leads to marked shifts in body 
water and electrolytes, with an increase in 
peritoneal fluid volume and a decrease in 
plasma volume. The most feasible method of 
instillation of intraperitoneal fluids is through 
a short polyethylene or polyvinyl tube placed 
in the peritoneal cavity either at the time of 
closure of an operative wound, or by means of 
a trocar. Narat and co-workers have shown 
(10, 11) that there is no mechanical interfer- 
ence with the intraperitoneal drip in animals 
or patients’ when tubes are left in the peri- 
toneal cavity for several days. 

The intraperitoneal administration of terra- 
mycin diluted in normal saline has been used, 
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to date, in the postoperative therapy of 3 pa- 
tients with peritonitis with good results and 
no untoward reactions. A concentration of 
1 milligram per milliliter has been employed 
because it has been found that the intraperi- 
toneal instillation of a concentration of 2 
milligrams per milliliter causes pain in some 
instances. The initial dose has been instilled 
before closure of the peritoneal cavity at the 
time of surgery; postoperative instillation has 
been through small polyethylene tubes left in 
the operative wound. The optimum dose, 
frequency of administration, duration of ther- 
apy, and the effectiveness of this method of 
therapy in patients with peritonitis is being 
studied at the present time. 


SUMMARY 


1. Terramycin in a concentration of 2 milli- 
grams per milliliter can be instilled into the 
peritoneal cavity of dogs without discomfort 
or untoward reaction. 

2. Experimental appendiceal peritonitis was 
produced in 51 dogs. Seventeen were given 
only supportive therapy, 17 were given intra- 
peritoneal terramycin, 12 were given intra- 
venous terramycin, and 5 were given intra- 
venous terramycin and intraperitoneal normal 
saline. 

3. The mortality rate of the control dogs 
and both groups of intravenously treated dogs 
was 100 per cent. The average survival time 
of the control dogs was 40.3 hours and the 
average survival time of the intravenously 
treated dogs was 55.4 hours. The average sur- 
vival time of intraperitoneally treated ani- 
mals, excluding the 10 dogs in that series that 
survived at least 7 days, was 100.6 hours. The 
mortality rate of the intraperitoneally treated 
dogs at the end of 7 days was 41.1 per cent;° 
the mortality rate at the end of 21 days was 
52.9 per cent. The total survival rate of the 
intraperitoneally treated dogs was 47.1 per 
cent. 

4. The clinical courses of the control and 
intravenously treated dogs was fulminating; 
the course of the intraperitoneally treated 
dogs was favorably altered by the therapy 
administered. 

5. Autopsy of all dogs that died revealed 
severe peritonitis to be present in all control 
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and intravenously treated dogs. There wasa organisms from this region of dogs that were 
great deal less reaction in the peritoneal cavity treated with terramycin intraperitoneally. 


and a more advanced state of localization of 
the infectious process in the dogs treated with 
terramycin intraperitoneally. 

6. There was correlation of the bacteria 
isolated from the peritoneal cavities with mor- 
tality of the dogs. Regardless of the method 
of therapy, death occurred within 96 hours in 
all dogs from which gram positive cocci were 
isolated from the peritoneal fluid after therapy 
was instituted. Certain organisms, Escherichia 
coli, Proteus vulgaris, and Clostridium wel- 
chii, were repeatedly isolated from the peri- 
toneal fluid of animals that survived the 
experimental period of 21 days. 

7. In only 3 of 78 peritoneal cultures drawn 
during the illnesses of the 17 dogs that re- 
ceived terramycin intraperitoneally was any 
organism other than Escherichia coli, Proteus 
vulgaris, or Clostridium welchii isolated. On 
the other hand, there were 14 of the 17 dogs 
that received terramycin intravenously in 
which organisms other than Escherichia coli, 
Proteus vulgaris, and Clostridium welchii 
were isolated. 

8. The administration of intraperitoneal 
normal saline twice daily to dogs receiving 
intravenous terramycin therapy did not in 
any way alter the clinical course, mortality 
rate, average length of survival, or autopsy 
and bacteriology findings. 

9. The results of the determinations of in 
vitro sensitivity to terramycin of various 
bacteria isolated from the peritoneal cavities 
of treated dogs are discussed. 

10. Comparison of the peritoneal and serum 
levels of terramycin following intraperitoneal 
and intravenous administration of equal doses 
of the antibiotic was made and the results dis- 
cussed. The markedly high levels of terra- 
mycin in the peritoneal fluid that occurred 
following the intraperitoneal administration 
of each dose and the diffusion of the concen- 
trated terramycin throughout the peritoneal 
cavity, we believe, was responsible for the 
almost complete elimination of pathogenic 
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THIOPENTAL, CURARE, AND NITROUS OXIDE 
ANESTHESIA FOR CESAREAN SECTION WITH 
STUDIES ON PLACENTAL TRANSMISSION 


ELLIS N. COHEN, M.D., WALLACE J. PAULSON, M.D., JAMES WALL, M.D., and 
BERNICE ELERT, B.S., St. Paul, Minnesota 


REDIT for the first autheritic cesa- 
rean section is usually given to 
Trautmann who is said to have: per- 
formed this operation in Wittenberg 

in the year 1610. Undoubtedly its true history 
can be traced back much further. The intro- 
duction of ether in the year 1846 led to the 


rapid development of modern general anes-: 


thesia and with it, hopes for a painless opera- 
tion. Unfortunately, insensibility for the 
mother has not always proved to be com- 
patible with safety for her unborn child. With 
a continuous circulatory system between 
mother and child all general anesthetic agents 
appear to pass the placental barrier resulting 
in varying degrees of depression of the unborn 
child. Many techniques of general anesthesia 
have been devised in an attempt to keep the 
amount of depressant drug reaching the fetus 
toaminimum. These have only been partially 
successful, however, and many infants are still 
delivered in a depressed state despite careful 
precautions. 

Curare was introduced into anesthesia in 
1942 by Griffith and marked a major step 
forward. Since it was realized that the pla- 
centa filters certain large molecules from the 
fetal circulation, it remained for Whitacre and 
Fisher to try curare as an adjuvant to the use 
of cyclopropane anesthesia for cesarean sec- 
tions. These authors reported 100 cases in 
which small amounts of curare were given to 
the mother without resulting in severe de- 
pression to any of the babies (10). By 1948 
Whitacre and Fisher had accumulated 285 
cases of cesarean section in which curare in 
doses up to 30 milligrams had been given 
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intravenously to the mother under cyclopro- 
pane anesthesia. No cases were encountered 
in which the curare could be considered a fac- 
tor in causing fetal depression (11). Gray 
reported 30 cases of cesarean section anes- 
thetized with a combination of thialpentone 
and curare, and Davenport gathered 210 cases 
done with a combination of thialpentone, 
cyclopropane, and curare anesthesia. In both 
the latter series the authors found it difficult to 
implicate curare in any of the infants who 
failed to survive. A recent study in dogs 
carried out by Harroun failed to show clinical 
evidence of transmission of curare across the 
placental barrier, and yet these same pups 
were severely depressed by the curare given by 
direct injection. 

Although clinical and laboratory studies 
indicated that thiopental sodium and nitrous 
oxide pass the placental barrier in significant 
amounts, it was believed that clinical evidence 
of blockage of curare at the placental barrier 
might make possible some safe combination of 
these three agents for cesarean section anes- 
thesia. A minimal dose of thiopental sodium 
(120 to 180 mgm.) could be given to produce a 
rapid pleasant induction of anesthesia, and 
with sufficient analgesia being provided by 
nitrous oxide and oxygen in a 2 to 1 concentra- 


tion, then large doses of curare could be given’ 


to keep the mother relaxed and quiet during 
the surgical procedure. Since the nitrous 
oxide is evanescent in its action, the thiopental 
given in only one small dose before delivery of 
the baby, and with no curare crossing the 
placental barrier, the infant should receive 
practically no depressant drugs. Furthermore, 
any delay in delivering the infant would do no 
harm since it would allow more time for the 
single small dose of thiopental to be metabo- 
lized. 
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This study reports 124 cesarean sections 
performed under thiopental, curare, and ni- 
trous oxide technique at the Charles T. Miller 
Hospital during the past 3 years. Laboratory 
studies of placental transmission of these 
agents have been carried out in a small section 
of these patients. Consistent laboratory find- 
ings have verified completely our satisfactory 
clinical impressions. 


CASES STUDIED 


The data tabulated here were obtained from 
120 women subjected to cesarean section. 
Four women had repeat sections during the 
period of study, giving a total of 124 opera- 
tions. No attempt was made to select cases 
for study, except that patients were excluded 
when presenting contraindications to a gen- 
eral anesthetic (e.g. upper respiratory infec- 
tions or pulmonary disease). Otherwise the 
patient’s or surgeon’s desire for a general 
anesthetic was the governing factor. 

The ages of the patients studied varied from 
19 to 42 years, and may be grouped as follows: 
under 20 years, 4.1 per cent; 21 to 30 years, 
52.1 per cent; 31 to 40 years, 41.3 per cent; 
41 plus years, 2.5 per cent. 


INDICATIONS FOR CESAREAN SECTION 


The indications given by the obstetrician 
for section are shown in Figure 1. As can be 
seen, cephalopelvic disproportion accounted 
for the principal indication. 

It is of interest to note that 29 per cent of 
the women had had 1 previous cesarean sec- 
tion, g per cent had had 2, and 2 per cent had 
had 3 previous cesarean sections. 

The majority of cesarean sections (74 per 
cent) in this study were elective as to the day 
and hour of surgery. However, 31 cases (26 
per cent) were done as emergency procedures. 


ANESTHETIC TECHNIQUE 


All patients were interviewed preanesthet- 
ically in their rooms. The procedure was 
outlined and the reason for each step care- 
fully explained. Preanesthetic medication was 
held to a minimum. A majority of the patients, 
49 per cent, received only atropine, in doses of 
from 0.3 to 0.4 milligram. In 4o per cent of 
the patients atropine plus demerol was the 
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medication used, and in 11 per cent atropine 
plus pentobarbital. 

After preliminary recording of blood pres- 
sure and pulse, the patient was moved into 
the operating room where an infusion of 500 
cubic centimeters of 5 per cent dextrose in 
water was started with a No. 18 G needle. The 
arm was carefully fastened to an armboard 
since loss of the intravenous infusion repre- 
sented a serious complication once the anes- 
thetic technique had begun. A 20 cubic centi- 
meter syringe with 3 per cent thiopental was 
adapted to the intravenous infusion with a one 
way Gilson valve and sufficient length of 
tubing. A second 10 cubic centimeter syringe 
with 1o cubic centimeters of d-tubocurarine 
(3 mgm. per c.c.) was connected to the intra- 
venous infusion in a like manner. Once again 
all connections were checked for leaks and the 
equipment was securely fastened to the arm- 
board. The patient’s legs were strapped to the 
table, and with the patient yet awake the 
abdomen was prepared with antiseptic solu- 
tion and draped for surgery. A test dose of 1 
cubic centimeter of curare was given the 
patient into the intravenous infusion. If the 
patient showed no signs of curarization from 
this dose (e.g., ptosis, blurred vision, difficulty 
in swallowing or talking), she was considered 
not to be abnormally sensitive to curare. The 
anesthetic induction was delayed until the 
time that the surgeon entered the room to be 
gowned and gloved. The induction of anes- 
thesia was accomplished by a single rapid 
injection of 4 to 6 cubic centimeters of a 3 per 
cent thiopental solution, the dose depending 
upon the size of the patient: 120 milligrams in 
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Fig. 2. Initial dose of curare given before birth of baby. 
(In all instances this also represents the total dosage of 
curare used for the section.) 


6 per cent of the patients; 150 milligrams in 79 
per cent; and 180 milligrams in 15 per cent. 
These dosages were sufficient to put the pa- 
tient into a temporary state of unawareness so 
that the face mask could be applied. The 
breathing bag had been previously filled with 
25 per cent oxygen and 75 per cent nitrous 
oxide. With the flowmeters set to deliver 
2,000 cubic centimeters of nitrous oxide and 
1,000 cubic centimeters of oxygen per minute, 
the inhalation anesthetic was begun. The 
patient was now rapidly given intravenous 
curare until the point where her lungs could be 
easily and smoothly inflated by positive pres- 
sure on the rebreathing bag without resistance 
from the patient. This required doses of curare 
varying from 18 to 42 milligrams. Figure 2 
gives a breakdown of the dosage of curare 
given. Within 2 to 3 minutes the patient had 
sufficient nitrous oxide analgesia so that sur- 
gery could be started. Occasionally the pa- 
tient would move slightly with the skin in- 
cision but, immediately afterward, would lie 
quietly with complete and total relaxation. 
The patient was maintained on controlled 
respiration until delivery of the infant had 
occurred. Respirations were controlled even 
though the patient might attempt to breathe 
on her own. This was done in order to assure 
adequate oxygenation, carbon dioxide re- 
moval, and at the same time provide the most 
effective analgesia possible with the nitrous 
oxide concentrations used. All patients were 
satisfactorily carried with a Guedel airway 
and face mask. Endotracheal intubation was 


not required in any case, although such facili- 
ties were kept readily at hand. 

Blood pressure and pulse tended to main- 
tain themselves satisfactorily despite the rapid 
curarization. In the occasional patient hyper- 
ventilation resulting from the controlled venti- 
lation may temporarily reduce carbon dioxide 
tension and cause some drop in blood pressure. 
This is readily controlled by momentarily 
shutting off the carbon dioxide absorbing 
chamber and allowing the carbon dioxide ten- 
sion to return to normal. The patient quickly 
compensates and sustains her normal blood 
pressure. If untreated, the blood pressure re- 
turns to normal within 5 to 6 minutes. 

The speed with which surgeons delivered 
the infants varied considerably. A few babies 
were delivered within 5 to 6 minutes, while the 
occasional delivery was delayed to 30 minutes: 
16 per cent were delivered within 6 to 10 
minutes; 30 per cent within 11 to 15 minutes; 
38 per cent within 16 to 20 minutes; 14 per 
cent within 21 to 25 minutes; 2 per cent in 
more than 26 minutes. One of the most im- 
portant advantages of this anesthetic tech- 
nique was that speed of operation had almost 
nothing to do with depression of the infant. 
With the exception of nitrous oxide (a poorly 
soluble and rapidly eliminated agent), the 
mother received only one single dose of thio- 
pental and curare no matter what length the 
time of delivery. Theoretically at least, the 
longer the period of surgery, the greater the 
metabolism of thiopental, once a peak con- 
centration had been obtained within the 
mother. 

Following delivery of the infant, the mother 
was given a second dose of thiopental usually 
equivalent to her initial dose. This was done to 
ensure hypnosis, since by this time many 
patients had sufficient respiratory exchange 
and no longer required assisted or controlled 
ventilation. At the same time nitrous oxide 
flow was reduced to 1,000 cubic centimeters 
per minute to equal that of the oxygen. For 
the remainder of the operation, small incre- 
ments of thiopental were given to supplement 
the nitrous oxide anesthesia as needed. The 
total amounts of thiopental used were: o to 
500 milligrams in 49 per cent; 501 to 750 
milligrams in 38 per cent; 751 to 1,000 milli- 
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grams in g per cent; and over 1,000 milligrams 
in 4 per cent. The times required for total 
operation were: o to 30 minutes in 1 per cent; 
41 to 50 minutes in 6 per cent; 51 to 60 min- 
utes in 25 per cent; over 61 minutes in 68 per 
cent. No additional curare was given in any 
of the cases. 

Within a few moments after birth of the 
baby, many of the patients had sufficient 
respiratory exchange no longer to require 
assisted respiration. By the time the ab- 
dominal wall was ready for closure, all patients 
were breathing adequately by themselves, and 
within 5 to 10 minutes after termination of 
surgery the mothers were usually responsive 
and awake. 


MATERNAL RESULTS 


All mothers were visited the day after 
surgery, interviewed as to their reactions, and 
any complications were noted. In our series 
of 124 cesarean sections there was no maternal 
mortality or morbidity. The only maternal 
complication noted was several cases of post- 
operative abdominal distention. These pa- 
tients responded well to conservative treat- 
ment, and whether this complication was a 
result of the anesthetic technique or the opera- 
tive interference itself, proved difficult to 
determine. In any event, this complication 
was minor in nature. All mothers were un- 
animous in their satisfaction with the anes- 
thetic technique. With but 1 exception, none 
had any recollection following the injection of 
the initial thiopental. This mother was one of 
the earliest cases in our series. At that time 
we were attempting to find the very minimal 
dose of nitrous oxide required to keep the 
mother unconscious after the hypnotic effects 
of the initial injection of thiopental (120 to 
180 mgm.) had worn off. This mother, a 
nurse, was given nitrous oxide in 1 to 1 con- 
centration (1,000 c.c. of oxygen and 1,000 c.c. 
of nitrous oxide per minute) until the baby 
was born. Upon questioning the following day 
she had vague recollections of the surgery and 
claimed that she knew the sex of her infant 
from remarks in the operating room as it was 
born. The patient stated that she felt no pain 
during this part of the operation. Her memory 
faded instantly with the delivery of the infant 
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TABLE I.—BIOCHEMICAL ANALYSES 
IN CASES 
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and the second injection of thiopental. This 
case was striking testimony to the analgesic 
potency of a 50 per cent nitrous oxide mixture, 
but warned us that unless the concentration 
was kept in the neighborhood of 65 to 70 per 
cent unconsciousness was not necessarily 
present. With flow rates of 2 to 1 nitrous 
oxide, no similar cases were encountered in the 
remainder of our series. 


FETAL RESULTS 


The most rewarding results with this anes- 
thetic technique have been the lack of de- 
pression of the newborn. Most infants moved 
and cried spontaneously while still in the 
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Fig. 3. Placental transmission of anesthetic agents. 


surgeon’s hands. Ninety-three per cent cried 
spontaneously; resuscitative efforts were re- 
quired in only 7 per cent of the cases. Arti- 
ficial respiration was used in g cases; endo- 
tracheal intubation in 6; analeptics in 6 cases. 

In most cases a few breaths of oxygen given 
with a face mask were sufficient to initiate 
spontaneous respiration in the depressed in- 
fants. Endotracheal intubation was neces- 
sary in only 2 cases in addition to those infants 
who failed to survive. 

The infant mortality rate for the series was 
amazingly low with a neonatal survival rate of 
96.8 per cent. 

This fetal mortality rate of 3.2 per cent 
compares most favorably with reports of other 
authors. Colvin reports a fetal mortality rate 
between 7 and 8 per cent throughout the 
country. Landesman in a recent report from 7 
large maternity centers gives figures varying 
from a low of 4.9 per cent to a high of 10.8 
per cent. A compilation of fetal mortality 
from 110 sections done under local anesthesia 
(procaine) at the Miller Hospital by different 
operators during the same period of study 
gives a mortality rate of 3.6 per cent. These 
figures tend to re-emphasize the anesthetic 
safety of the thiopental, curare, and nitrous 
oxide technique for the newborn infant. 

A careful study was made of the 4 fetal 
deaths that occurred in our series, and in no 
case could anesthesia be incriminated. 


Case 1. Mother in shock prior to surgery from 
blood loss due to placenta previa. Birth weight 
1,800 grams. Died within 15 minutes of delivery 
with findings of cerebral asphyxia at postmortem. 
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Case 2. Poor fetal heart tones present prior to 
surgery. Birth weight 1,460 grams. Died 30 hours 
postdelivery with findings at postmortem of aspira- 
tion pneumonitis. 

Case 3. Mother in eclamptic seizures at time of 
delivery. No fetal heart tones heard at birth. Birth 
weight 1,075 grams. No postmortem obtained. 

Case 4. Vaginal bleeding from premature separa- 
tion of the placenta. Specimen showed central 
depression filled with blood clot. Birth weight 
1,510 grams. Postmortem showed evidence of 
atelectasis and cerebral asphyxia. 


It should be noted that no fetal deaths 
occurred in our series of elective sections. The 
4 infants who died were all in the emergency 
operative group with infants both premature 
and in poor general condition. 

There were 2 cases of neonatal atelectasis in 
the group of surviving infants. Both these 
babies responded well to conservative treat- 
ment. 


LABORATORY STUDIES 


Although previous studies, plus our own 
series of investigations, offered good clinical 
evidence that curare did not cross the pla- 
cental barrier in the human, there were no 
laboratory studies to substantiate this clinical 
impression. We were further interested in 
determining the concentrations of thiopental 
sodium and nitrous oxide on each side of the 
placental barrier at the time of birth. Quinn 
and Woislawski have recently published a 
technique for the analysis of d-tubocurarine in 
plasma. Thiopental sodium was measured by 
an ultraviolet spectrophotometric technique 
(1). Nitrous oxide was analyzed as a residual 
gas manometrically with a Van Slyke and 
Neill apparatus. 

Venous blood samples were taken from 9 
patients by means of an indwelling Cournard 
needle. Samples were collected anaerobically 
under mercury in heparinized syringes. All 
analyses were performed the day of surgery 
and, whenever specimens permitted, were 
carried out in duplicate. Consistent results 
were obtained for duplicate determinations. 
The first sample was collected from the mother 
a few moments after induction of anesthesia. 
This represented a peak concentration both 
for the thiopental and for the curare. A 
second maternal sample was obtained at time 
of delivery of the baby. Simultaneously, the 
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surgeon collected a third sample from the 
placental side of the clamped cord. The data 
obtained and the cases studied are summarized 
in Table I. 

Following are the mean values for the anes- 
thetic agents analyzed in maternal and fetal 
blood: For thiopental sodium, the initial ma- 
ternal level was 9.7 gammas per cubic centi- 
meter, the maternal level at birth 4.7 gammas 
per cubic centimeter, and the placental level 
2.7 gammas per cubic centimeter. For d-tubo- 
curarine, the initial maternal level was 23.3 
gammas per cubic centimeter; the maternal 
level at birth 14.1 gammas per cubic centi- 
meter, and the placental level was zero. For 
nitrous oxide, the maternal level was 13.6 
volumes per cent, and the placental level 7.8 
volumes per cent. 

The results are presented graphically in 
Figure 3. 

It would thus appear that curare is com- 
pletely blocked at the placental barrier even 
when given in amounts large enough to sus- 
pend voluntary respiratory activity com- 
pletely in the human. In the cases studied 
thiopental crossed the placental barrier in 
approximately 58 per cent concentration; 
however, this concentration only reflects a 
fraction (28 per cent) of the peak concentra- 
tion initially attained in the mother. With 
the very small dosage used, this amount prob- 
ably does not represent a depressant dose to 
the infant. Nitrous oxide freely crosses the 
placental barrier in approximately 58 per cent 
of the concentration found in the maternal 
venous blood. 

Disappearance of curare from the maternal 
blood stream is rapid. An analysis of the per- 
centages of initial curare level left in the blood 
stream at various time intervals was obtained 
from the cases studied. These data are tabu- 
lated in Figure 4 and are in agreement with 
recent reports by Pittinger and his associates. 


COMMENT 


Clinical impressions, substantiated by labo- 
ratory evidence, indicate that thiopental, 
curare, and nitrous oxide are a satisfactory 
anesthetic combination for cesarean section. 
It must be borne in mind, however, that this 
anesthetic technique, while highly safe and 
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Fig. 4. Disappearance of curare from the blood stream. 


satisfactory in proper hands, must necessarily 
be limited in its use to those institutions with 
good equipment and competent anesthesi- 
ologists. 

Under these circumstances we are confident 
that equally satisfactory results can be 
obtained in any maternity center. Needless to 
say, the use of spinal, paravertebral block, or 
local infiltration anesthesia offer their own 
advantages of ease, simplicity, and safety. 
With increased numbers of skilled anesthesi- 
ologists becoming available, thiopental, cura- 
re, and nitrous oxide technique should find 
favor and use in those patients who must 
have a general anesthetic for cesarean section. 


SUMMARY 


1. A study of 124 cases of cesarean section 
performed with the aid of thiopental, curare, 
and nitrous oxide technique is presented. 

2. Results obtained in this series are re- 
corded from both the maternal and fetal 
standpoints. 

3. Biochemical analyses made on a part of 
the series indicate that curare is completely 
blocked at the placental barrier, while nitrous 
oxide and thiopental sodium cross into the 
fetal circulation in varying amounts. 
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THE PREVENTION OF GAS EXPLOSIONS IN 
THE LARGE BOWEL DURING 
ELECTROSURGERY 
GEORGE L. BECKER, M.D., Paterson, New Jersey 


LECTROSURGICAL techniques are 
commonly and effectively used by the 
proctologist in removing intraluminal 
disease in the distal end of the gastro- 

intestinal tract. This technique, in capable 
hands, has proved quite safe. There is, how- 
ever, one complication which may be serious 
and has not been sufficiently emphasized; 
namely, intraluminal explosions. 

Nearly everyone who has used high fre- 
quency electrocoagulation has seen an explo- 
sion of some degree. In a certain number of 
cases, these explosions may be of sufficient 
seriousness to require resection of the involved 
bowel and thus endanger the life of the pa- 
tient. It, therefore, becomes the operator’s 
responsibility to be aware of this hazard and 
to prevent explosions while using electro- 
coagulation. Toward this end, a simple, 
effective technique to obviate the dangers of 
such explosions will be outlined. 

The actual incidence of such serious explo- 
sions is not known; since there would be some 
natural reticence about publishing them. 
Discussion of this problem with many proc- 
tologists from different parts of the country 
leads me to believe that intraluminal explo- 
sions are probably more frequent than would 
be anticipated considering the paucity of re- 
ports in the literature. 

To illustrate the magnitude of bowel explo- 
sions, the author will cite two reports from the 


literature. The first case (7) was that of a. 


patient being treated for internal hemorrhoids 
with the monopolar current from a high 
frequency machine. The rectal ampulla was 
packed off with very large, moist, cotton 
tampons. The tip of the monopolar electrode 
had scarcely touched the mucosa, when there 
was a blinding flash of light and at the same 
time, a very loud explosion. The explosion 
was so violent that the anoscope was wrenched 


away from the hand of the operator and one of 
the tampons was projected outward. The 
patient immediately collapsed on the examin- 
ing table after complaining of violent ab- 
dominal pain. Laparotomy 2 hours later re- 
vealed no increase of gas in the peritoneum 
and no laceration save for a simple scratch of 
peritoneum a few millimeters in length. The 
sigmoid, however, was the seat of massive 
ecchymosis for a distance of 15 to 20 centi- 
meters. There was no apparent lesion of the 
rectum. 

The second case (2) is that of a male who 
was discovered to have 2 adenomas on routine 
examination. After preparation with cleansing 
tap water enemas, the highest adenoma was 
biopsied and its base destroyed by a desiccat- 
ing current, using a Birtcher hyfrecator. The 
accumulated smoke was removed by suction 
and distal adenoma was brought into view. 
It, too, was biopsied, and the accumulated 
gases removed from the bowel. The procto- 
scope was then readjusted and it became 
necessary to apply the desiccating current 
to the base of the adenoma. When the current 
was again turned on, there was a violent ex- 
plosion within the bowel, following which, 
a blue flame shot out of the end of the procto- 
scope for a distance of from 1 to 2 feet. A 
loud muffled sound, audible in the adjoining 
room, accompanied the explosion. The pa- 
tient immediately screamed. After the pa- 
tient was calmed, the proctoscope was re- 
inserted into the bowel for the full 25 centi- 
meter length and no areas of laceration or 
hemorrhage were noted. Roentgenograms 
of the abdomen made 1 hour after this acci- 
dent revealed a massive pneumoperitoneum. 
Less than 2 hours later, a laparotomy revealed 
the peritoneal cavity to be grossly distended 
with air and to contain a moderate amount of 
blood and fecal material. Numerous areas 
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in the sigmoid colon showed separation of the 
serosal coats of the bowel with the mucous 
membrane intact. It was found that the 
proximal half of the descending colon had been 
lacerated in many places and was actively 
bleeding. Some of the lacerations measured 
up to 10 centimeters in length and extended 
through all coats of the bowel. Resection of 
the distal end of the transverse colon, splenic 
flexure, and the proximal half of the descend- 
ing colon was required to remove the lacerat- 
ed portions of the bowel and to control bleed- 
ing. 

Some cases, such as reported by Lieber- 
man illustrate that they are more benign than 
those which have been cited. 


INTESTINAL GASES 


Those gases which may assume explosive 
proportions in the gut are derived from several 
sources and include: (a) endogenous physio- 
logic gases, (b) gaseous material introduced 
with the instruments, (c) atmospheric gases, 
and (d) gas liberated from the blood stream. 

Endogenous physiologic gases. Approxi- 
mately 1,000 cubic centimeters of gas are con- 
tained in the human gastrointestinal tract. 
This amount is variable, as could be imagined, 
with changing local conditions. The composi- 
tion of such gases is also variable. The compo- 
sition of rectal discharges in man is as follows 
according to Fries: carbon dioxide, 10.3 per 
cent by volume; oxygen, 0.7 per cent by 
volume; methane, 29.6 per cent by volume; 
nitrogen, 59.4 per cent by volume. 

It is to be noted that endogenous oxygen is 
present in a very small amount. It has been 
stated that hydrogen, hydrogen sulfide, and 
traces of indole, skatole, and ammonia are 
present. 

Factors resulting in the changing composi- 
tion of these gases are: diet, abnormal in- 
testinal flora, diffusion from the blood, chang- 
es in muscular tone, interference with mucosal 
integrity, changes in mucosal blood supply, 
and obstruction. 

Ruge has called attention to the role of 
diet. He found that with a meat or mixed 
diet, there is odorless flatus with a predomi- 
nance of nitrogen. On the other hand, with a 
diet of milk or legumes, there is a predomi- 


nance of hydrogen (43.9 per cent) and meth- 
ane (34.0 per cent). 

Gaseous material introduced with instru- 
ments. This source is not, in all probability, 
an important contribution to inflammable 
intestinal gases during electrosurgery. 

Atmospheric gases. As already mentioned, 
the content of oxygen in the intestine is 
relatively small. The oxygen necessary to sup- 
port combustion must be derived from the at- 
mosphere where it is found in abundance 
(20.08 per cent). In addition, gases such as 
ether, may be found in the atmosphere of the 
examining room. 

Gases produced by the effect of electrocurrent 
on tissue. The effect of the electrosurgical 
current on the local tissue produces some 
gaseous material. This has been studied in 
the bladder of dogs. The gases thus produced 
are similar in kind and amount to those 
formed by heat cautery and are, therefore, 
thought to be brought about by thermal de- 
composition of tissue. Values for gases pro- 
duced by high frequency current are as fol- 
lows: 


Name of gas Low High 
CAPONE o6 6 io. 6 oe pe et 6.2 11.9 
ORVMON 6.5. 0:5-0 0's San hn 2.0 5.2 
BNR EM ADEED citi conte: costs Ciel sneak rey 1.0 2.2 
Ethylene.......... eee es | Se 1.0 
CATDON HONOMIGE. ..... cee ce hs 9.4 27.6 
EAVOROGEN «6.6 560.005. Wea Peni ee 37-5 58.9 
POCMGUBT IMIG 5s. 6a.5 siaecd-okaeacineass 12.3 173 

ETIOLOGY 


In the use of endoscopic electrosurgery, all 
the elements necessary for an explosion po- 
tentially are: a closed space, the presence of 
an inflammable gaseous mixture, and an 
electric spark. The closed space produced by 
the bowel and the instrument must be con- 
sidered as unalterable. Therefore, attempts to 
eliminate explosions must deal either with the 
presence of gases or the electrical spark. 

It is believed that in addition to the dietary 
contribution of intestinal inflammable gases 
already mentioned, there may be a mechanical 
factor. 

That is, as the patient inspires, the dia- 
phragm is forced down, thereby increasing 
intra-abdominal pressure. This tends to force 
inflammable gases located higher in the bowel 
down to the operative site. Another contribut- 
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Fig. 1. A schematic drawing illustrating two methods of using carbon dioxide to 
prevent the hazard of intrabowel explosions by replacing the explosive gas within the 
bowel with nonexplosive fire extinguishing carbon dioxide while using the electroco- 
agulating snare to remove a pedunculated adenoma, or destroying a sessile ade- 





noma with a coagulating electrode. 


ing mechanical factor may be lengthening of 
the colon which produces more intestinal 
stasis. 

It is apparent that if there is no incandes- 
cent body, there will be no explosion. There 
are certain factors associated with the electro- 
surgical instrument that contribute to the 
formation of a spark. One of these is the use 
of high frequency currents, another is the 
use of metallic instruments which are con- 
ductors. 


MEASURES AIMED AT ELIMINATION OF 
THIS HAZARD 

Several other factors have been implicated 
as bearing an etiologic relationship to intra- 
luminal explosions, but because of the in- 
frequency with which these explosions have 
been reported and studied plus the loss of 
gases in the explosions, it is difficult to evalu- 
ate their role. However, several suggestions 
have been offered to reduce this hazard during 
electrosurgery. It has been suggested by 
Armous that explosive gases could be excluded 
from the field of operation by lavage of the 
intestine with 1% liters of solution or the 


isolation of the field by tampons. However, 
one of the explosions is reported by Marchand 
as occurring in spite of the fact that the opera- 
tive site was blocked off by tampons. The 
inconvenience of intestinal lavage, which is 
more time consuming than the actual electro- 
surgery, leaves much to be desired and has no 
established value in the prevention of an 
explosion. 

Another more logical approach to the 
problem has been made. An anoscope and a 
rectoscope have been devised that enable 
the electrosurgery to be performed in an at- 
mosphere of inert gas (CO.). This has several 
theoretical advantages: isolation of the field 
with gas, use of a gas which does not support 
combustion, and lastly prevention of accumu- 
lation of gases formed by the effects of the 
current on tissue. Another approach involves 
familiarity with currents and the apparatus 
used. It is additionally important and basic 
that the operator use good technique and be- 
come conversant with the various modalities. 
For an excellent review of this subject as it ap- 
plies to proctology, the reader is referred to a 
monograph by Gorsch. 
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The type of current is important. It is 
thought that currents of a lower voltage are 
less apt to produce explosions. In addition, a 
constant current which cannot build up and 
suddenly discharge is more desirable. Tube 
coagulation currents produce little or no 
spark as compared with high frequency mono- 
polar or bipolar currents. 

Attempts to remove metallic conduction by 
fashioning scopes made of glass or ebony have 
been unsatisfactory. Some instrurnents have 
been devised which attach the electric tip to 
the lesions with hooks or jaws so that there 
is no break in continuity which will enable a 
spark to be formed. 

It is the author’s belief that the explosions 
within the bowel are definitely preventable by 
good technique. It is also believed that the 
operator has a moral and a legal responsibility 
to his patient to take advantage of every 
known means of preventing this very serious 
complication. 

Inasmuch as there is always a possibility of 
a perforated bowel following the removal of 
neoplasms of the colon, the bowel should be 
thoroughly cleansed before surgery is started, 
and it is advisable to sterilize the bowel with 
suitable antibiotics or chemotherapy previous 
to surgery. It is to be pointed out that nega- 
tive pressure of suction to draw out gas from 
the distal bowel will create a negative pres- 
sure which invites a mass contraction of the 
colon, thus forcing down additional inflam- 
mable gas and setting the stage for a serious 
explosion. Rather than the use of negative 
pressure and suction to clear out the gases, a 
positive pressure should be employed. All 
that is necessary in using equipment such as is 
illustrated in Figure 1 is to attach (in up- 
right position) a carbon dioxide tank with 
reducing valve to the instrument at the point 
where the instrument was designed for suc- 
tion. By blowing carbon dioxide through the 
instrument, either snare or coagulating han- 
dle, an area of nonexplosive carbon dioxide is 
put up as a barrier around the sparking end 
of the electrocoagulating instrument or snare. 
This steady stream of carbon dioxide is suf- 
ficient to displace any gas formed from tissue 
destruction. An added refinement to prevent 
explosions within the bowel is to use the 


sigmoidoscope which has an end beveled. In 
this way, the lesion to be destroyed can be 
enclosed by the end of the sigmoidoscope, 
thus, using the beveled end of the scope gives 
a larger working area and also separates the 
field of coagulation from the rest of the bowel 
by keeping constant contact with the end of 
the sigmoidoscope and the bowel wall. 

The brevity of this paper does not warrant 
a discussion of the indications for electro- 
surgery within the large bowel. It is the 
author’s belief, that all new growths within 
the bowel should be considered precancerous 
and removed in toto so that the entire speci- 
men can be studied microscopically. Should 
specimens thus removed show any evidence 
of malignant change in situ or otherwise, it is 
axiomatic that the entire section of bowel 
with involved glands be radically resected. 
In each instance of neoplasms found within 
reach of the sigmoidoscope, it is mandatory 
to have x-ray studies of the large bowel in- 
cluding air-contrast technique of the entire 
large bowel. The operator’s responsibility 
does not cease with the removal of the af- 
fected lesion. The patient should be in- 
structed regarding the importance of regular 
routine follow-up examinations over a suffi- 
cient number of years. 

CONCLUSIONS 

Electrosurgery within closed spaces such as 
the distal colon and bladder is not without 
serious potential danger from explosions. 
Reported cases of intraluminal explosions are 
cited by way of illustration. A discussion of 
the factors and their possible role in the 
etiology of such explosions is presented from 
this study; several methods of lessening this 
hazard are proposed. In overcoming this 
danger of explosion, the simple method of 
using carbon dioxide positive pressure, rather 
than suction to displace explosive gases can 
be used in coagulating and electrodesiccation, 
thereby lessening the dangers of a serious 
intraluminal explosion. 
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IN THE AGED PATIENT 


STROHL, M.D., F.A.C.S., and WILLIS G. DIFFENBAUGH, M.D., F.A.CS., 


Chicago, Illinois 


N RECENT studies of acute cholecystitis 
(8) and gangrenous perforation of the 
gallbladder (5), we were impressed by 
the frequent occurrence of these condi- 
tions in the elderly patient. We were prompt- 
‘d, therefore, to review the clinical data in 
patients over 70 years of age, having abdomi- 
ial surgery. Biliary tract disease was found 
‘o be the most common condition requiring 
ibdominal surgery in the elderly patient. One 
would expect this to be true, because of the 
high incidence of gallstones found in older 
people. In 1,000 routine postmortem exami- 
iations, Crump found gallstones present in: 
$3.8 per cent of the 20 to 30 year group; 8.9 
per cent of the 30 to 4o year group; 24.1 per 
cent of the 40 to 50 year group; 25 per cent of 
the 50 to 60 year group; 42.4 per cent of the 
60 to 70 year group; 51.9 per cent of the 70 
to 80 year group; and 53.5 per cent of the 
over 80 year group. 

The complications which develop in biliary 
tract disease of long standing are severe. 
Furthermore, most of the deaths occur in pa- 
tients who have complications secondary to 
their biliary tract disease. 

Many advances have been made in the pre- 
operative, operative, and postoperative man- 
agement of surgical patients. These advances 
include improved anesthetic methods, the use 
of antibiotic agents, a better understanding of 
nutrition, fluid and electrolyte imbalances, 
and the administration of whole blood. The 
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hazards of elective surgery have been reduced. 
The morbidity and operative mortality in the 
elderly patient have been lowered. 

Despite these improvements in the field of 
surgery, there still lingers a traditional reluc- 
tance on the part of physicians to refer old 
patients for surgery. 

It is difficult to justify such an attitude! Is 
it possible that the surgical failures of 30 
years ago influence the thinking of physicians 
when they are confronted with the problem 
of biliary tract disease in the aged patient? 

Incidence. In 200 consecutive patients, over 
70 years of age, having abdominal surgery at 
St. Luke’s Hospital, Chicago, 75 patients had 
operations for biliary tract disease. The pa- 
tients were residents of the Chicago area and 
represent a cross-section of patients seen in a 
cosmopolitan voluntary hospital. 

Sex. Fifty-six patients (74.6 per cent) were 
females, and 19 patients (25.4 per cent) were 
males. In our study of 118 patients having 
operations for acute cholecystitis, 80 patients 
were females, and 38 patients were males (8). 
In an analysis of 19 patients having gangre- 
nous perforation of the gallbladder, 10 pa- 
tients were females, and 9 were males (5). 

Age. The ages ranged from 70 to 88 years. 
The average age for the group was 75.3 years. 

PREOPERATIVE COMPLICATIONS OF BILIARY 

TRACT DISEASE 

Fifty patients had complications of biliary 
tract disease. These conditions were acute 
cholecystitis, gangrene, or perforation in 18 
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patients; common duct obstruction in 20 pa- 
tients; and carcinoma of the gallbladder or 
pancreas in 12 patients. Welch found one-half 
of his biliary tract patients, over 70 years of 
age, had similar complications. 

The associated diseases of degeneration add 
to the risk of surgery. A careful preoperative 
evaluation of each patient must be carried 
out. Postoperative complications, and catas- 
trophes, can be avoided or minimized, if one 
is alert to their possible occurrence. 

Thirty-two patients had significant pre- 
operative findings, which increased the risk of 
operation. These included 18 with cardio- 
vascular disease, 12 with anemia, 5 with 
diabetes mellitus, and 2 with urinary tract 
disease. Several of these patients had more 
than one of these conditions. 

Cardiovascular status. The principal cause 
of death in old age is heart disease. Cardiac 
disease and peripheral vessel accidents ac- 
count for more than one-half of the deaths 
in patients past 70 years of age. The cardiac 
status of each patient must be evaluated with 
care. A clinical estimate of the cardiac re- 
serve may yield more valuable information 
regarding the ability of the patient to survive 
surgery than routine electrocardiographic 
tracings. A good rule of thumb for evaluating 
cardiac reserve is whether or not a patient 
can walk with ease around the block or climb 
a few stairsteps. 

A history of coronary disease is not a con- 
traindication to necessary surgery. When sev- 
eral months have elapsed following coronary 
occlusion, sufficient collateral circulation may 
develop to the point that the cardiac reserve 
may return almost to normal. An electro- 
cardiographic curve, simulating that of serious 
coronary disease, may be present in patients 
with gallbladder disease. The cardiac re- 
serve, despite the abnormal tracing, may be 
normal. 

Evaluation of respiratory system. Changes 
in the’ respiratory tree are common in the 
elderly patient. A varying degree of bron- 
chitis, bronchiectasis, and emphysema is al- 
most a constant finding. The respiratory 
exchange is diminished, and a low grade in- 
fection is usually present. Although the 
degenerative changes cannot be altered, the 
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infectious component should be cleared up 
before surgery. 

Evaluation of renal function and genito- 
urinary system. Many older patients have an 
impairment of renal function from arterio- 
sclerosis or a chronic glomerulonephritis. A 
preoperative knowledge of their presence helps 
in the postoperative care. 

Mechanical urinary obstruction from stric- 
tures, bladder neck contractures, or prostatic 
hypertrophy should be anticipated and cor- 
rected, if possible, before surgery. 

Liver function studies. The majority of 
older patients with biliary tract disease have 
a disturbance of liver function. Reliable func- 
tion tests are available and should be used to 
determine the degree of impairment of liver 
function, if time permits. Deaths due to the 
so-called hepatorenal syndrome, cholemia, 
hepatic insufficiency, and hemorrhage are en- 
countered infrequently today. 


PATHOLOGY ENCOUNTERED 


Chronic biliary tract disease is associated 
with a high incidence of common bile duct 
pathology. The common duct was explored 
in 15 patients having elective cholecystecto- 
my. Stones were found in 8 patients. 

Common duct stones are found approxi- 
mately twice as often in this age group, when 
compared with the frequency of common duct 
stones in all age groups (9). Common duct 
exploration in the aged patient adds to the 
operative risk. 

Acute cholecystitis occurs frequently. It 
was present in 18 of the 75 patients, or 24 
per cent. Ten of the 18 patients had gangrene 
or perforation. In a study of all age groups, 
the incidence of acute cholecystitis was 75 it 
1,127 patients, or 6.6 per cent. : 

Cancer of the gallbladder was present in 10 
patients. Metastatic involvement was noted 
in 5 of the ro patients. Stones were found in 
all gallbladders having cancer. One patient 
with acute cholecystitis harbored a cancer in 
the gallbladder wall. 

Common duct obstruction developed in 4 
patients who had undergone previous gall- 
bladder surgery. 

Four patients with jaundice had lesions of 
the pancreas, 2 of which were cancer. 
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OPERATIVE PROCEDURES 

Cholecystectomy was the operation of 
choice in chronic cholecystitis. It was per- 
formed in 38 of the 39 patients having sur- 
gery for chronic cholecystitis. Cholecystos- 
tomy was performed in only 1 instance. The 
common duct was explored in conjunction 
with cholecystectomy, in 15 patients. Drain- 
age with a T tube was carried out when the 
duct was explored. 

Cholecystectomy was performed in 12 of 
the 18 patients having acute cholecystitis. 
The common duct was explored in 2 patients. 
Cholecystectomy is the operation of choice in 
a good risk patient having acute cholecystitis. 
In a poor risk patient with acute cholecystitis 
in an advanced stage of the disease, cholecys- 
tostomy will release the obstruction and pro- 
vide drainage. 


POSTOPERATIVE COMPLICATIONS 


Thirteen of the 75 patients, or 17.3 per 
ent had significant complications following 
surgery: The respiratory system was respon- 
sible in 6 cases, cardiovascular system in 4, 
irinary tract in 3; wound infection was pres- 
‘nt in 1, and disorientation in 1. Some pa- 
tients had more than 1 complication. 


DEATHS 


Seven of the 75 patients died following sur- 
gery, a mortality rate of 9.3 per cent. Four 
of the 7 deaths were in patients with carci- 
noma of the gallbladder or pancreas. Two 
deaths followed acute gangrenous perforation 
of the gallbladder with peritonitis. 

One patient died 18 hours following com- 
mon duct exploration. The rectal tempera- 
ture rose to 106 degrees F. shortly before 
death. Autopsy revealed a portal vein throm- 
bosis (Table I). 


DISCUSSION 


Biliary tract disease, with its complications, 
occurs frequently in the elderly patient. Many 
acute attacks develop in the course of an un- 
related illness. 

Acute cholecystitis was present in 1 out of 
every 4 patients. This incidence is consider- 
ably higher than that of the younger age 
group (8). Gangrene with perforation, secon- 
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TABLE I.—MORTALITY IN BILIARY TRACT SUR- 
GERY IN THE AGED, AS COLLECTED FROM 
THE LITERATURE 




















Author | No. of No. of > 

patients | deaths | per cent 

Bailey (1934) _ a a 3 | 86) 

ironies loan! | 30 7 | P ; | ‘ Pa a 
Quigley (1930) “yoo «| 3) | a3.0 

Behrend (1947) ee ere ae ae 

Welch (1948) | 2 | 5 | a2 

Fisher and White (19st) | 37. | 8 | 25.6 

Strohl and Diffenbaugh (1953) “a 2 "75 7 | 93 

Totals dt ggasi] Sg S| Sg 8 





dary to acute cholecystitis, also shows a much 
higher incidence than in the younger patient. 

This study has shown that biliary tract dis- 
ease is associated with a high incidence of 
common duct disease. Stones in the common 
duct are found approximately twice as often 
in this age group when compared with the 
frequency of common duct stones in all age 
groups. The addition of common duct explo- 
ration in the elderly patient adds to the risk 
of surgery. 

Cholemia, cholangitis, so-called hepatorenal 
syndrome, hemorrhage, high temperature 
deaths, and hepatic insufficiency are encoun- 
tered less today in the postoperative period. 
This is due, in our opinion, to improved pre- 
operative, operative, and postoperative man- 
agement. Among the measures taken are the 
correction of hypoproteinemia, the replace- 
ment of deficient circulating blood volume, 
the use of vitamin K, improved anesthesia 
with adequate oxygenation, the use of anti- 
biotic drugs, the prevention of shock by blood 
replacement during surgery, and the mainte- 
nance of electrolyte and fluid balance. 

The postoperative complications can be 
kept to a reasonable minimum by vigilant 
attention to minor details. Most older patients 
will prove co-operative, when told of the im- 
portance of coughing, moving, and the neces- 
sity of maintaining an adequate fluid balance. 

In the preoperative period 32 patients, or 
42.6 per cent, had significant findings which 
added to the risk of surgery. These complica- 
tions were corrected, when possible, before 
surgery. Nevertheless, 13 patients, or 17.3 
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per cent developed significant postoperative 
complications. The cardiovascular and res- 
piratory systems accounted for the complica- 
tions in 10 of the 13 patients. 

All deaths in this series were in patients 
with complications of biliary tract disease. 


SUMMARY AND CONCLUSIONS 


1. Biliary tract disease is the most common 
condition requiring abdominal surgery in the 
patient over 70 years of age. 

2. Fifty of the 75 patients had complica- 
tions of biliary tract disease which made sur- 
gery mandatory. 

3. Thirty-two patients had significant un- 
related pathologic conditions, which increased 
the risk of surgery. 

4. Thirteen patients developed serious post- 
operative complications. 

5. Seven patients died following surgery, a 
mortality rate of 9.3 per cent. 

6. Age is not a contraindication to biliary 
tract surgery. Surgery should be done before 


serious complications of the biliary tract dis- 
ease develop. 


mn 


6. 


~s 
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AN EVALUATION OF THE SHUNT OPERATION FOR 


PORTAL DECOMPRESSION 
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HE MOST common cause of portal 

hypertension is obstruction of the 

portal bed. This may be intrahepatic 

or extrahepatic in nature. Though 
accurate statistics are not available, many pa- 
tients develop esophageal varices as nature 
attempts to compensate for the increased 
pressure in the intestinal venous system. 
These varices, for reasons yet unknown, may 
rupture and cause massive hematemesis. This 
is a constant and serious threat to the life of 
the patient. Medical therapy has little to 
offer in preventing the hemorrhage or in con- 
trolling it once it has started. Hemorrhage 
has been responsible for death, within 1 year, 
of 50 per cent and as high as 70 per cent of all 
patients with portal hypertension who have 
bled. Death may be the direct result of blood 
loss and associated shock or may be the result 
of liver failure precipitated by a single hemor- 
rhage or a series of hemorrhages. Regardless 
of the exact mechanism responsible, some 
type of portal decompression must be utilized 
if these fatalities are to be prevented or 
significantly decreased. 

Many shunt type operations have been de- 
vised that theoretically should alleviate the 
portal hypertension. Only two, the direct 
portacaval shunt and the splenorenal shunt, 
have withstood the test of successful clinical 
application. Even these procedures are not 
entirely satisfactory in the patient with intra- 
hepatic block, since they attack only one facet 
of the problem, namely, the portal hyperten- 
sion. The primary pathology, cirrhosis of the 
liver, remains unaltered. Surgical approaches, 
other than the shunt procedures, have been 
used to some extent. In general, the results 
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have not been entirely satisfactory. There- 
fore, lacking a more physiologic approach, the 
portacaval shunt probably remains the treat- 
ment of choice. 

This report is a study of 30 patients with 
portal hypertension and esophageal varices 
operated upon during the last 3 years at 
Walter Reed Army Medical Center. 


GENERAL CONSIDERATIONS 


Laennec’s cirrhosis was the primary cause 
of portal hypertension in 21 patients, or 70.3 
per cent. One of these patients also repre- 
sented the relatively rare Cruveilhier-Baum- 
garten syndrome. The diagnosis of Laennec’s 
cirrhosis was established only when micro- 
scopic sections of the liver revealed uniform 
involvement of the portal spaces with pseudo- 
lobule formation (Table I). 

Posthepatitis cirrhosis was the underlying 
pathology in 6, or 19.8 per cent of the patients. 
This diagnosis was dependent upon micro- 
scopic evidence of patchy and irregular fibrosis 
of the liver without true pseudolobule forma- 
tion. This type of cirrhosis represented a 
rather significant percentage of the total num- 
ber of patients and was probably a sequela of 
the high incidence of hepatitis among military 
personnel during World War II. In the com- 
ing years, posthepatitis cirrhosis will probably 
account for an even higher percentage of pa- 
tients who will develop portal hypertension 
and become candidates for shunt procedures. 

The diagnosis of biliary cirrhosis was de- 
pendent upon the recognition of extensive 
portal fibrosis with hypertrophy and prolifera- 
tion of the biliary ducts. Only 1 patient met 
these criteria. 

In contradistinction to the high incidence of 
extrahepatic block (Banti’s syndrome) in pre- 
viously reported series, only 2 patients, or 6.6 








PATENT. a 


PORTAL VEIN § 


SURGERY, GYNECOLOGY AND OBSTETRICS 








Fig. 1. a, A percutaneous splenogram visualizing a patent portal vein thus permit- 


ting a direct portacaval shunt. 


Note the retrograde blood flow in many of the 


collateral vessels and the ramifications of the portal vein in the liver substance. b, 
Postshunt percutaneous splenogram. The bolus of dye is seen in the spleen. The 
entire portal system is visualized and the actual anastomotic area can be seen as a 
smooth curved line. The dye can also be seen passing up the inferior vena cava. Note 
the complete absence of retrograde flow as seen in a. 


per cent, fulfilled the necessary requirements 
which were: splenomegaly, leucopenia, ane- 
mia, and essentially normal liver. In both 
patients portal vein thrombosis was found at 
operation. Thus, 28 patients, or 93.4 per cent, 
represented portal hypertension due to intra- 
hepatic block of one type or another. 


OPERATION AND TECHNIQUE 


The direct end-to-side portacaval shunt is 
deemed the most efficient and satisfactory 
operation for reducing portal hypertension. 
This shunt creates the largest caliber anasto- 
mosis, and, the volume of blood flow per unit 
of time being greater, reduces the tendency to 
stenosis or thrombosis of the shunt. Initially, 
all patients were explored through a right 
thoracoabdominal incision with the view of 
performing a direct portacaval shunt. In 4 
patients, an obliterated portal vein or caverno- 
matous transformation in the hepatoduodenal 
ligament made it impossible to perform the 
desired procedure. Three of these patients 
were subsequently re-explored and a spleno- 
renal shunt established. In the fourth patient, 
even a splenorenal shunt could not be per- 





formed because of extensive degenerative 
changes in the splenic vein. Technically, a 
grafting procedure was also impossible and 
only a splenectomy was done. 

With a desire to avoid unnecessary explora- 
tion, patients, in whom the status of the por- 
tal vein is unknown, are now being studied by 
percutaneous splenic and portal venography. 
With the patient on the operating table and 
under anesthesia, an 18 gauge spinal needle is 
inserted into the spleen through the ninth in- 
tercostal space in the midaxillary line. Thirty 
cubic centimeters of 70 per cent diodrast are 
injected rapidly and a roentgenogram taken 
prior to completion of injection. This has per- 
mitted adequate visualization of the portal 
system in 2 of 3 patients in whom the proce- 
dure was indicated. In 1 patient, the portal 
vein was patent and the direct portacaval 
shunt was established. Ina second patient, an 
occluded portal vein was visualized and the 
splenorenal shunt was approached with the 
conviction that a portacaval shunt was not 
possible. In both cases, palpation of the hep- 
atoduodenal ligament confirmed our roent- 
genographic impression. Excessive delay be- 
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Fig. 2. 


Fig. 2. 


SHUNT OPERATION FOR PORTAL DECOMPRESSION 





473 


Fig. 3. 


A portacaval shunt prior to anastomosis. Note the Potts coarctation 


clamp on the severed end of the portal vein and the modified Potts bulldog clamp 
occluding only a segment of the inferior vena cava. The exposure is more than 


adequate. 


Fig. 3. A presplenorenal shunt employing a left thoracoabdominal incision. The 
Potts coarctation clamp occludes the transected splenic vein and the modified Potts 
bulldog clamp isolates an adequate segment of the left renal vein. The first suture 
has just been placed at the upper end of the elliptical incision in the renal vein. 


tween injection and roentgenographic expo- 
sure rendered the test useless in the third 
patient (Fig. 1). 

Reports in the literature indicate that per- 
cutaneous splenic venography is a safe pro- 
cedure if the proper precautions are taken. This 
has been true in our limited experience. At 
the time of operation, we have not observed 
laceration of the spleen or evidence of bleeding 
from the puncture site despite the presence of 
marked portal hypertension. With further 
clinical evaluation this procedure may become 
a valuable diagnostic aid in determining the 
patency and configuration of the portal vein 
prior to operation. We are now using this 
procedure following operation to visualize the 
adequacy of the shunt. 

Of the 28 patients with intrahepatic blocks, 
the direct portacaval shunt was successfully 
employed in 22. A splenorenal shunt was 
established in 3. In the 3 remaining patients, 
neither shunt could be established, and less 
desirable procedures were utilized. The 2 pa- 
tients with extrahepatic portal obstruction 
were treated by the splenorenal shunt after it 
had been determined, by exploration or splen- 
ography, that a portacaval shunt was not 
possible (Table I). 

A thoracoabdominal incision was made in 
all patients and extended from the posterior 
axillary line below the scapula to the lateral 
border of the rectus muscle approximately 2 


inches above the umbilicus. In doing the 
direct portacaval shunt, a subperiosteal resec- 
tion of about 6 inches of the eighth rib, includ- 
ing the costal cartilage was performed. The 
right leaf of the diaphragm was radially in- 
cised in the first few cases. This usually para- 
lyzed a greater segment of this structure than 
was believed necessary. Therefore, circum- 
ferential incisions are now employed leaving a 
cuff of approximately 1 inch of diaphragm at- 
tached to the rib cage. This method has 
almost entirely eliminated the problem of 
paralysis following operation. The suture line 
of the diaphragmatic repair becomes adherent 
to the chest wall and completely obliterates 
the small lateral paralyzed segment. 


TABLE I.—CAUSES OF PORTAL HYPERTENSION 
AND TREATMENT IN 30 PATIENTS 


| | | 
| 






























































| Operation 
r | Per | = 
‘, No. : | | 
Cause Cases | Fr | Porta- | Splen- Other 
“@5€5 | caval | orenal 
| shunt | shunt 
Intrahepatic block _ | | 
Laennec’s cirrhosis 2r | 70.3 17 | 2 2 
Postnecrotic cirrhosis | 6 19.8 | 4 I I 
Biliary cirrhosis | I 3-3 I ° ° 
Total 28 93-4 | 22 3 3 
Extrahepatic block | | | 
Banti syndrome 2 6.6 | ° 2 ° 
Total 2 6.6 ° 2 ° 
Grand total | 30 | 100 22 5 3 
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TABLE II.—CORRELATION OF LIVER FUNCTION 
TESTS WITH POSTOPERATIVE DEATHS IN 37 
OPERATIONS FOR PORTAL HYPERTENSION 


| Nn | Mortal- 
La “es No. as Ps | 4 ° 13 y 2 "y 
Test cases} geaths | ity rate 
| | | per cent 
Serum albumin Less than 3 gm. % 10 I | 10 
| More than 3 gm. % | 27 I 3.7 
Cephalin 3 0r 4 14 I 7.1 
flocculation I or 2 23 I 4.3 
Bromsulphalein | More than 10% 24 I 4.2 
Less than 10% 13 ae 7.7 
Serum bilirubin More than 1 mgm. 15 I 6.7 
Less thani mgm. | 22 I 1.5 
faite, a a, Oo Te Se 7 ae r > 
Thymol turbidity | More than 3.1 23. | 2 | 8.7 
| Less than 3.1 | 14 ; oO ° 
Zinc sulfate More than 3.6 28 OC 2 7.1 
turbidity Less than 3.6 9 ° ° 
Ascites Present ma | 3 7.1 
| None 23 I 4:3 








It has not been necessary to incise the tri- 
angular ligament of the liver. After employ- 
ing the described type of incision in the dia- 
phragm, the liver can be retracted adequately 
into the right hemithorax. 

The portal vein is dissected from behind the 
duodenum to its bifurcation at the hilum of 
the liver; this mobilizes a segment 5 to 6 centi- 
meters in length. The coronary vein is identi- 
fied and ligated when possible, since it may be 
of value by interrupting one major pathway 
to the esophageal varices. The portal vein is 
then ligated at the hilum of the liver and the 
vessel transected after an angled Potts coarc- 
tation clamp has been applied to control the 
blood flow (Figs. 2 and 3). 

The anterior surface of the inferior vena 
cava just above the renal veins is cleared of 
areolar tissue. Our special Potts giant bulldog 
clamp is applied horizontally thus occluding 
about 30 per cent of the cava over a 3 centi- 
meter segment (2). An elliptical piece of 
occluded inferior vena cava, 2.5 centimeters in 
length, is excised and the end-to-side anasto- 
mosis performed using a continuous over-and- 
over suture of No. ooooo braided arterial silk. 
Care is taken to avoid twisting or kinking the 
portal vein and the suture line is never under 
tension (Figs. 4 and 5). 

The technique of the splenorenal shunt 
varies slightly. Resection of the ninth rib, 
rather than the eighth, is performed. The 
spleen is removed and the end-to-side anas- 
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tomosis completed with the same type suture 
used in the direct portacaval shunt. A Potts 
coarctation clamp and a Potts giant bulldog 
clamp are similarly applied to the splenic and 
left renal veins respectively. 


EVALUATION OF OPERATION 


Effect of liver function. A thorough survey 
of hepatic function is essential in all patients 
on whom a shunt operation is anticipated. 
This should be done preoperatively and over 
an extended postoperative period. The value 
is thereby twofold in nature. Primarily, it 
enables the surgeon to evaluate the patient 
better as to his chances for survival and it 
enables the surgeon to anticipate complica- 
tions that may occur postoperatively. Sec- 
ondly, it permits an estimation regarding the 
effect of the operation on the liver and also 
regarding the effect of complete diversion of 
the portal blood from the liver. 

Complete hepatic profiles are performed on 
all patients initially and at frequent intervals 
during intensive medical management. They 
consist of total and 1 minute serum bilirubin, 
thymol turbidity, zinc sulfate turbidity, ceph- 
alin flocculation, bromsulphalein retention, 
prothrombin time, serum proteins, and occa- 
sionally, Popper turbidity and cholinesterase. 
The operation is not scheduled until the func- 
tion studies indicate hepatic stability at the 
level of maximum improvement. Prior to 
operation, the function tests are repeated 
daily for 4 days to obtain a base line. Follow- 
ing establishment of the shunt, these studies 
are again repeated daily until it is evident that 
hepatic function has returned to the preopera- 
tive level or has become stabilized at some 
other level. From then on, the surveys are 
performed at frequent intervals for indefinite 
periods. In the earlier patients, this follow-up 
is now over 3 years. During this period of 
study, many interesting and significant obser- 
vations have been made. 

Reports in the literature indicate that when 
severe liver dysfunction accompanies portal 
hypertension, operative mortality is greatly 
increased. On this basis, Blakemore classified 
patients into group A (good risk) and group 
B (poor risk) with a mortality rate of 9.3 per 
cent in the former and 39.9 per cent in the 
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Fig. 4. 

Fig. 4. A completed end-to-side portacaval shunt. Note that the over-and-over 
suture actually everts the vessel wall. The ligature on the portal vein is the site of 
the interrupted coronary vein. 
Fig. 5. Adequate direct portacaval shunt. Note the excellent exposure of all 
vessels and of the common bile duct. 


latter. Similarly, Linton reported approxi- 
mately 37 per cent mortality in the poor oper- 
ative risk patient. The most significant single 
test was the serum albumin determination. 
Mortality rates of 37.5 per cent (Blakemore) 
ind 83 per cent (Linton) were recorded when 
ihe serum albumin level was less than 3 grams 
ver cent. 

In this series, 37 operations were performed 
‘or portal hypertension and esophageal va- 
rices. In only 2 instances was the operation 
‘ollowed by death of the patient. Ten opera- 
tions were performed on patients with serum 
albumin levels less than 3 grams per cent (3.7 
er cent mortality). The difference between 
these figures was not significant but did show a 
tendency to greater operative risk in the pa- 
tients with severe liver dysfunction. It was 
noted, that, of the 1o patients with serum 
albumin levels of less than 3 grams per cent, 
} had levels of less than 2 grams per cent. 
The 1 fatality was in this latter group. There- 
lore, of 6 patients with albumin levels between 
2 and 3 grams per cent, there were no deaths. 
Of the 4 patients with levels of less than 2 
grams per cent, the mortality rate was 25 per 
cent. We believe there is a rational explana- 
tion for these results. 

Table IT shows some of the hepatic function 
tests studied and correlated with postopera- 
tive mortality. There is a slight increased 
mortality rate in each group of patients with 
poor liver function as compared to those with 
relatively normal function, but the difference 
is too small to be significant. 





2 





Fig. 5. 


We conclude from these results that liver 
function per se is not a deterring factor when 
anticipating a shunt procedure. Patients with 
severe liver dysfunction can be successfully 
operated upon if several factors are consid- 
ered. Postoperative hepatic failure is prob- 
ably the result of excessive anesthetic and 
operative trauma and the mortality rate will 
probably be proportionate to this trauma. To 
minimize these factors, all patients receive 
endotracheal ether anesthesia and the opera- 
tion is performed as rapidly as possible. In 2 
instances our operating time was just over 6 
hours. In all others it has varied between 1 
hour and 40 minutes and 5 hours, the average 
being 2 hours and 55 minutes. 

However, even under these conditions, some 
patients with severe liver dysfunction develop 
postoperative hepatic failure. In an attempt 
to obviate this possibility, all patients are 
given continuous intravenous infusions of 
aureomycin, 1 gram per day, for 3 days and 
continued on oral administration of 750 milli- 
grams daily for 5 days. The total dosage is 
6.75 grams of aureomycin. 

There is another reason for the administra- 
tion of this antibiotic. Though it has not 
been proved, bacteria or bacterial toxins may 
be picked up from the intestines or the per- 
ipheral circulation by the portal system and 
filtered out in the liver. Following the direct 
end-to-side portacaval shunt, this is no longer 
possible. The intravenous aureomycin may 
inhibit these bacteria. We have observed that 
the postoperative course is much smoother 





SURGERY, GYNECOLOGY AND OBSTETRICS 

















* 





= + TOTAL SERUM PROTEW 
+ SERUW AL OUMIN 
@ + StRum GLOBULIN 








and the alterations of liver function are mini- 
mum in patients treated in this method. 

Extensive postoperative liver function sur- 
veys have shown the amount of alteration of 
function and the length of persistence of alter- 
ation of function are not apparently related to 
the degree of liver impairment present prior to 
operation. They are more closely related to 
the extent of anesthetic and operative trauma 
and to the use of aureomycin therapy post- 
operatively. The greatest alterations were 
found in patients who did not initially receive 
intravenous aureomycin. In those patients 
treated under optimum conditions, as cited 
previously, postoperative liver dysfunction, 
as compared with the preoperative base line, 
was minimal and persisted only for from 7 to 
10 days (Figs. 6 and 7). 

A 3 year follow-up has not shown any sig- 
nificant alteration of liver function as a result 
of complete diversion of the portal blood flow 
from the liver. Neither has it shown signifi- 
cant improvement of liver function as a result 














Fig. 6. Portacaval postnecrotic cirrhosis liver function 
studies. These patients had essentially similar function 
studies and were treated by the direct end-to-side porta- 
caval shunt. However, the alterations in postoperative 
liver function varied significantly. a, Shows the mild 
changes in a patient who had minimal anesthetic and oper- 
ative trauma and received intravenous aureomycin. 
b, Shows the more marked changes in a patient who re- 
ceived intravenous aureomycin but was subjected to 4 
hours and 20 minutes of operative trauma. c, Shows the 
severe alterations occurring in a patient treated early in 
our series when the operative time was quite long and 
intravenous aureomycin was not employed. 


of portal decompression. From this it can be 
assumed that, if portal blood is necessary for 
adequate liver function and repair, some form 
of compénsation has occurred during the de- 
velopment of the primary disease. In these 
patients, the portal flow may be no more 
necessary than hepatic artery flow is believed 
necessary by those who advocate hepatic and 
splenic artery ligation. 

Two conclusions were drawn from the liver 
surveys. First, no patient was rejected as a 
candidate for shunt operation because of se+ 
vere liver dysfunction. If marked deteriora- 
tion could be prevented during the operative 
period, the chances were excellent that the 
patient would survive. Second, we believed 
the end-to-side direct portacaval shunt, the 
procedure of choice, was indicated since there 
was no apparent harmful effect on liver func- 
tion of complete portal blood diversion. All 
patients were impressed with the fact that the 
sole objective of the procedure was portal de- 
compression and prevention of subsequent 
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Fig. 7. Liver studies on patients with Laennec’s cirrhosis 
treated by portacaval shunt. Liver function was about 
equal. Both patients received intravenous aureomycin. 


hemorrhage. The underlying liver disease was 
neither significantly improved nor made worse, 
and a strict medical regimen had to be fol- 
lowed after operation. 

Effect on portal hypertension. Since the one 
objective of the shunt operation is to relieve 
portal hypertension it is essential, for accurate 
evaluation, to have objective evidence of the 
degree of portal hypertension before, during, 
and after operation. This hemodynamic fac- 
tor was carefully studied in 27 of the patients 
in whom shunts were established. Roentgen- 
ographic barium studies of the esophagus, per- 
formed before operation, were unsatisfactory. 
Definite evidence of varices was found by this 
method in less than one-third of the patients. 

Esophagoscopy was carried out routinely 
before operation and accurate determinations 
were made regarding the size, extent, and con- 
figuration of the varices. Accurate mano- 
metric pressure readings in the esophageal 
varices were obtained in 18 patients. In 11 
or 61 per cent of these patients the readings 
were within 40 millimeters of saline of those 
obtained in the portal vein at operation prior 
to establishment of the shunt. This technique 
was initiated by one of us (E.D.P.) (5) and, 
contrary to expectations, bleeding from the 
puncture site in the esophageal varices has 
been negligible, seldom exceeding 30 cubic 
centimeters. The results indicate that the 
technique is safe, but, of greater significance, 
they indicate it is of definite value in deter- 
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a, The operative and anesthetic trauma was of short dura- 
tion, while in b, it was much longer. The result can be seen 
in the more marked alterations in liver function in the latter. 


mining the degree of hypertension present 
before operation. 

At exploration, manometric pressure read- 
ings were taken in the portal vein. With the 
exception of 1 patient all had portal hyperten- 
sion ranging between 300 and 550 millimeters 
of saline pressure. Repeat portal pressures 
were taken after completion of the shunt 
(Fig. 8). The pressure drop was over 200 
millimeters of saline in 21 patients or 70.1 per 
cent. In 5 patients (16.6 per cent) the drop 
was between 100 and 200 millimeters of saline 
pressure and in 1 patient, only 85 millimeters 
of saline. All final portal vein readings were 
less than 300 millimeters of saline pressure 
which has been described as the critical level, 
below which postoperative hemorrhage was 
unlikely (Fig. 9). 

As was expected, the pressure drops were 
greatest following the portacaval shunt. Of 5 
patients treated by splenorenal shunt only 2 
had pressure drops greater than 200 milli- 
meters of saline. In 2 patients the drop was 
between 100 and 200 millimeters of saline, and 
in the fifth patient it was only 85 millimeters 
of saline. 

We observed in several patients, that, de- 
spite equal degrees of portal hypertension and 
equal sized shunts, the pressure drops were 
not at all similar. We also noted, on occasion, 
marked constriction of the inferior vena cava 
as it passed behind the liver. If regeneration 
of hepatic tissue can obstruct the portal sys- 
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Fig. 8. Pressure changes in the portal vein following 
surgery in 30 patients (mm. of saline). 
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Fig. 9. Portal pressure changes at surgery, preshunt and 
postshunt. 


tem, it seems logical that this same regenera- 
tion can obstruct the cava. Since the degree of 
portal hypertension varied in each patient, it 
was assumed that the degree of caval obstruc- 
tion would also vary. From this we concluded 
that the pressure in the portal vein following 
completion of the shunt would be no lower 
than the pressure in the cava before shunt. 
This would explain, in part, the variations in 
postshunt portal pressures. In a group of pa- 
tients treated by the direct portacaval shunt, 
pressure readings were taken in the inferior 
vena cava prior to shunt (Fig. 10). These 
pressures varied from 120 to 220 millimeters of 
saline, definite elevations beyond normal. In 
these patients the postshunt portal pressures 
were within 40 millimeters of saline of those in 
the inferior vena cava. Since postoperative 
esophagoscopic pressure readings, in varices 
remaining, were essentially the same as those 
recorded in the portal vein after the shunt, we 
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Fig. 10. Relationship of preshunt and postshunt portal 
pressures to inferior vena cava pressure (end-to-side porta- 
caval shunt). 


could not assume the increased caval pressure 
was based on an open hemithorax and positive 
pressure anesthesia. These findings indicate 
that factors, other than a widely patent shunt, 
are responsible for the reduction in portal 
hypertension after operation. More efficient 
pressure reductions could probably be ex- 
pected if the portal blood could be shunted 
into the inferior vena cava above the liver. 

Esophagoscopy was repeated postoperative- 
ly and at frequent intervals up to 3 years. 
The results were gratifying and established 
objective evidence as to the efficacy of treat- 
ment. Again, the correlation between portal 
pressure and esophageal varix pressure was 
borne out (Fig. 11). In 17 patients or 56.7 per 
cent the esophageal varices completely dis- 
appeared. Collapsed veins were observed in 
5 patients (16.7 per cent), but pressure read- 
ings could not be obtained. In 4 patients (13.3 
per cent) varices were present, smaller than 
prior to operation and under considerably less 
pressure. Here pressure readings could be 
taken. In 3, the esophageal varix pressure was 
within 20 millimeters of saline of the pressure 
obtained in the portal vein following shunt, 
and, in the fourth, was 80 millimeters of saline 
lower. These figures indicate not only the 
effectiveness of the operation but also the 
reliability of esophageal varix pressure meas- 
urements reflecting the degree of hypertension 
in the portal system. 

The portal circulation time was performed 
on all patients preoperatively, postoperative- 
ly, and at frequent intervals thereafter. The 
rectum to lung ether technique was used with 
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TABLE III.—POSTOPERATIVE DEATHS 
IN 30 PATIENTS 
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25 seconds being the upper limit of normal in 
men. It was slightly lower in women (Fig. 12). 
In all patients with portal hypertension the 
times ranged between 26 and 68 seconds. 
After venous bypass of the liver there was 
always a marked drop. The postoperative 
portal circulation time varied between 13 and 
26 seconds. In 1 patient the time rose from a 
preoperative level of 27 seconds to 40 seconds 
postoperatively. This was the patient, previ- 
yusly described, on whom 2 explorations were 
carried out and neither a portacaval shunt 
nor a splenorenal shunt was established. The 
results indicate that, in both attempts at 
shunt, many collateral vessels were sacrificed 
and drainage of the portal bed was decreased. 
If the conclusion of Newman and Cohen is 
correct, that portal circulation time is propor- 
tionate to portal pressure, the portal hyper- 
tension in this patient is more severe than 
before operation. In all the other patients 
this conclusion indicated marked reduction in 
hypertension. The results observed indicate 
that the portal circulation time should be 
employed more often in evaluation of the 
shunt operation. 

Correlating the results of portal pressure 
changes at operation, repeated esophagoscopy, 
and repeated portal circulation time, per- 
mitted a graphic and precise evaluation of the 
shunt and its patency. In each patient with a 
widely patent shunt, a graphed recording of 
serial postoperative esophagoscopic pressure 
readings and portal circulation times formed 
2 parallel and horizontal lines (Fig. 13). This 
was observed in all patients who had the 
direct end-to-side portacaval shunt. A patient 
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Fig. 11. Condition of varices (by esophagoscopy) fol- 
lowing operation. 
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Fig. 12. Preoperative and postoperative portal circula- 
tion time by rectum to lung ether technique. The line 
indicating a rise in portal circulation time following opera- 
tion represents a patient in whom 2 explorations were per- 
formed and only a splenectomy was done. This patient 
was made worse as a result of the operations. 


with a closing shunt showed a gradual and 
persistent rise in both esophageal varix pres- 
sure and in portal circulation time (Fig. 14). 
This occurred in one splenorenal shunt and 
was obvious graphically and clinically. Over 
a 16 month period (10 months recorded) the 
esophageal varix pressure rose from a post- 
operative level of 80 millimeters of saline to 
200 millimeters of saline. During the same 
period, the portal circulation time rose from 
24 seconds to 33 seconds. We believe this 
indicated a gradual closing of the splenorenal 
shunt with a gradual but steady rise in portal 
hypertension. 

Mortality. The mortality rate in this series 
of patients was encouraging (Table III). Only 
2 deaths (6.7 per cent) occurred from liver 
failure. Both patients had intrahepatic blocks 
treated by direct portacaval shunt. There 
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Fig. 13. The correlation between the portal circulation 

time and the esophageal varix pressure over an extended 
period of time is good indication of shunt patency. 
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Fig. 14. The correlation between the portal circulation 
time and the esophageal varix pressure changes following 
shunt is definite and indicates gradual closure of the anas- 
tomosis. This was a splenorenal shunt. Compare it with 
Figure 13, a portacaval shunt. 


were no deaths from operative hemorrhage, 
and blood loss during the surgical procedure 
rarely exceeded 1,500 cubic centimeters. 

Of the 2 fatalities only 1 can be attributed 
to the operation. The patient was a 48 year 
old retired soldier with a history of excessive 
alcohol consumption. He was admitted dur- 
ing a bout of severe hematemesis which could 
not be controlled by blood replacement or 
Sengstaken intraesophageal tamponade. A 
direct portacaval shunt was performed as a 
last resort. Hepatic function studies indicated 
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TABLE IV.—LIVER FUNCTION STUDIES IN POSTOPERATIVE DEATHS 








the patient was an extremely poor risk with a 
serum albumin of 1.8 grams per cent, a serum 
bilirubin of 5 milligrams per cent, and a 
bromsulphalein retention of 43 per cent in 45 
minutes. Blood loss was excessive and the 
patient was in shock during most of the oper- 
ation. After establishment of the shunt, the 
portal pressure dropped from 390 millimeters 
of saline to 170 millimeters of saline. Esopha- 
geal bleeding stopped and it was believed the 
patient would survive. However, a hepato- 
renal syndrome developed and the patient 
died on the sixth postoperative day (Table IV). 

It is believed that, despite the severe liver 
dysfunction, the patient would have survived 
had he not been in shock during most of the 
operation. The shunt has been successful in 
3 patients with serum albumin levels as-low as 
1.5 grams per cent. However in these patients 
there was no excessive blood loss or vascular 
collapse during the procedure. 

The death of the second patient was unusual 
and difficult to understand. He was a 30 year 
old officer with Laennec’s cirrhosis, an excel- 
lent operative risk with a serum albumin of 
4.1 grams per cent, a serum bilirubin of 0.58 
milligram per cent, and a bromsulphalein re- 
tention of 9 per cent in 45 minutes. At opera- 
tion the portal pressure dropped from 430 
to 140 milligrams of saline. His recovery was 
uneventful until the fourteenth postoperative 
day when marked jaundice developed and 
hepatic coma ensued. This was entirely unex- 
pected. Upon intensive medical therapy and 
the administration of ACTH, the jaundice 
and liver function improved but the patient 
remained comatose. ACTH was discontinued 
on the forty-seventh postoperative day. An 
immediate relapse occurred with increased 
jaundice and liver dysfunction and the patient- 
died on the forty-ninth operative day. 

Apparently this patient’s death was not a 
direct result of operation. It was believed 
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that he probably died of acute hepatitis sec- 
ondary to transfusions he had received ap- 
proximately 3 months prior to surgery. The 
hepatitis was incidental to the surgical proce- 
lure but aggravated by it. Autopsy revealed 
only acute liver necrosis. It does not seem 
possible that the liver failure was precipitated 
»y shunting portal blood from the liver. The 
\ypertension and massive varices present 
vould indicate that collateral circulation had 
sypassed the liver long before surgical inter- 
ention. It is not known how this death 
ould have been anticipated or prevented. 

In both patients the shunts were removed at 
utopsy. They were patent with no evidence 
i thrombosis along the suture line. Endothe- 
um had completely covered the suture mate- 
ial in the lumen (Fig. 15). 

Postoperative hemorrhage. Initially the por- 
icaval shunt was recommended in only those 
atients who had previous episodes of hemor- 
hage. As experience increased, it was be- 
eved that the procedure was indicated in 
atients with severe portal hypertension and 
sophageal varices who had not bled. Of the 
> patients treated, 6, or 20 per cent, had no 
revious hemorrhages. 

There have been only 2 postoperative hemor- 
iages in the entire series of patients followed 
om 1 month to 3 years, an incidence of 6.7 
er cent. Both were considered mild and both 
atients have since gone almost 2 years with- 
ut subsequent bleeding. There were no 
emorrhages among the 6 patients treated 
rophylactically (Table V). 

The 2 bleeding episodes were in patients 
vho at postoperative esophagoscopy demon- 
trated remaining varices but with decreased 
ressure. In 1 patient a portacaval shunt had 
wen done. A minor hemorrhage occurred 4 


TABLE V.—INCIDENCE OF POSTOPERATIVE 
BLEEDING IN 30 CASES 
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Fig. 15. Necropsy specimen of an end-to-side portacaval 
shunt. Endothelium has covered the suture material 
visible at the anastomosis site. There was no evidence of 
thrombosis. 


months later. The esophageal varix pressure 
was 210 millimeters of saline. The second pa- 
tient had a minor hemorrhage 6 months fol- 
lowing a splenorenal shunt. The esophageal 
varix pressure at that time was 294 millimeters 
of saline. Since the varix pressures were be- 
low the critical 300 millimeter level, bleeding 
was not anticipated in either patient. The 
question also arises, if bleeding once occurred, 
why has there been no subsequent hemor- 
rhage? Apparently, causes, other than the 
degree of portal hypertension, are responsible 
for bleeding. This was further evident, since 
the most severe incidences of preoperative 
hemorrhage were not encountered in those 
patients with the greatest degree of hyperten- 
sion. However, we believe that the most satis- 
factory results of shunt will be obtained in 
those patients obtaining the greatest degree of 
portal decompression. 


SUMMARY 


A series of 30 patients treated for portal 
hypertension and esophageal varices is pre- 
sented. Though Laennec’s cirrhosis was the 
basic cause of the hypertension in 70.3 per 
cent of the patients, posthepatitis cirrhosis 
was the cause in 19.8 per cent. Following the 
high incidence of hepatitis in the armed forces 
during the last war, this latter percentage will 
probably continue to rise. Extrahepatic block 
accounted for 6.6 per cent of the patients 
treated. 
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The direct end-to-side portacaval shunt is 
considered the operation of choice and was 
employed in 22 patients. The splenorenal 
shunt was established in 5 patients. In 3 re- 
maining patients, less desirable procedures 
were employed. The thoracoabdominal inci- 
sion was used exclusively. The operative 
technique is presented. The Potts coarctation 
clamp and the Potts giant bulldog clamp are 
recommended for use on the portal vein and 
inferior vena cava respectively. 

When correlating operative mortality with 
liver function, 3.5 per cent of patients in the 
“good” operative risk group died compared 
with 7.2 per cent in the “poor” operative risk 
group. The alterations in postoperative liver 
function were mild, lasting from 7 to 10 days, 
when the operative time was minimal and 
intravenous aureomycin was used routinely. 
Complete diversion of the portal blood did not 
interfere with hepatic function in patients fol- 
lowed up to 3 years. 

Preoperative and postoperative manometric 
pressure readings in the esophageal varices are 
recommended in all patients to evaluate the 
operation. These pressures correlated closely 
with those obtained in the portal vein before 
and after shunt. The portal circulation time, 
obtained by using the ether technique, indi- 
cated patency of the shunt and also correlated 
with the various pressure readings. Studies 
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indicate that the systemic caval pressure in- 
fluences the degree of portal decompression 
obtained following shunt operation. 

The postoperative mortality rate in 30 pa- 
tients was 6.7 per cent (2 deaths). With fol- 
low-up from 1 month to 3 years, only 2 minor 
hemorrhages have occurred after adequate 
portal decompression. Shunt operation was 
employed in 6 patients with severe portal 
hypertension and esophageal varices who had 
not bled. There have been no postoperative 
hemorrhages in this group. 

Percutaneous splenic and portal venography 
is a valuable diagnostic aid in determining the 
configuration of the portal vein prior to oper- 
ation and in determining the patency of the 
shunt postoperatively. 
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ROENTGENOGRAPHY OF CYSTS OF THE BREAST 


J. GERSHON-COHEN, M.D., D.S. (Med.), and HELEN INGLEBY, M.B., B.S., M.R.C.P., 
Philadelphia, Pennsylvania 


OENTGENOGRAPHY merits increas- 
ing recognition in the diagnosis of 
all mammary disorders. Presented 
here are only the preliminary re- 

sults of a study of cysts occurring in a series 
f 650 consecutive cases roentgenographed 
it the Albert Einstein Medical Center. 


CLINICAL FEATURES 


The history of sudden onset of a large 
mass, freely movable, often painfui and tender 
is in itself diagnostic of cysts. A similar, 
ilbeit smaller mass in the opposite breast 
ends diagnostic confirmation. We stress sud- 
len onset in cases in which a reliable his- 
ory can be obtained because certain other 
lysplasias, which are not sudden in onset, 
simulate cystic disease very closely. The 
distinction is important since some dysplasias 
do not need surgical interference whereas in 
others, operation is indicated. An excellent 
account of these dysplasias is given by 
Geschickter. In our classification (2) we use 
the terms mazoplasia, I and II. Mazoplasia 
| corresponds with some restrictions to 
Geschickter’s mastodynia and to desquama- 
tive epithelial hyperplasia of Cheatle and 
Cutler. Mazoplasia II is similar to mazo- 
plasia I except for superadded simple cysts 
and adenosis. In both groups, there is a 
tendency to the formation of fibroadenomas. 
Most large simple cysts are formed in mazo- 
plastic breasts. In addition, one encounters 
occasional large apocrine cysts, large cysts 
of the secretory type (3), cysts with intra- 
cystic papillomas and sometimes intracystic 
carcinoma (most often of the papillary type). 

There. are some noncystic conditions of 
which account must be taken. A fibroade- 
noma may mimic a cyst very closely. The 
same is true of an abscess, adenosis, and 
mazoplasia I. A lump due to adenosis has a 
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striking tendency to be large and very tender 
premenstrually and to regress almost com- 
pletely after the period. Mazoplasia I is char- 
acterized by lumpy tender breasts, worse be- 
fore periods. The lumps may come and go 
and the disorder may last for years. By pal- 
pation, it often requires a very experienced 
observer to distinguish a mazoplastic area 
due to intraductal fibrosis from a mass of 
cysts. It is here that radiology can give its 
most efficient help for cysts are absent from 
the x-ray film in both adenosis and mazo- 
plasia I. 

It is axiomatic that in order to arrive at a 
correct diagnosis, all the facts pertaining to 
the individual patient must be evaluated. 
Of these, the clinical factors are the most 
important and if they agree with the x-ray 
diagnosis, well and good. If not, a re-evalua- 
tion of the x-ray appearances is called for 
and, if necessary, a second x-ray examina- 
tion must be made. In this way many errors 
can be avoided. The patient’s age must be 
known. Except for a few cases in the de- 
veloping breasts of adolescents, we have not 
observed cysts in patients under the age of 25. 
After this time cysts arise with increasing 
frequency until the forties. A cyst arising 
after the age of 55 years should be regarded 
with suspicion. 

X-RAY DIAGNOSIS 

Cysts vary in size from microscopic dimen- 
sions to those occupying a large segment of 
the breast, but only those more than 0.5 
centimeter in diameter can be seen in an x- 
ray film. In a satisfactory film, they appear 
as well defined opacities with a smooth out- 
line. Isolated simple cysts are usually spher- 
ical (Fig. 1); conglomerate and _ loculated 
cysts are either oval or have irregularly scal- 
loped borders. As with tumors, cysts are 
most distinctly visualized on a background 
of fat. Fortunately for radiologic diagnosis, 
most of them occur after 25 years of age, 
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Fig. 1. 


Fig. 1. Mazoplasia II with 2 large cysts in a woman 44 
years old. The breast trabeculae are accentuated. 

Fig. 2. Mazoplasia II with several cysts in a woman 
37 years old. Between cysts and throughout breast, 
opacities are seen corresponding to patches of adenosis. 
The trabeculae are slightly thickened. The upper cyst was 
removed at operation. It was thin-walled. Surrounding 
mammary tissue showed adenosis of type in mazoplasia IT. 


when fat begins to be a normal component 
of the breast. Their outline then can be seen 
clearly in the x-ray film except for those por- 
tions which are adjacent to solid parenchyma. 
There is little difference in the degree of den- 
sity between cysts and breast parenchyma, 
but the uniform density of a cyst helps to 
distinguish it from the trabecular structure 
of breast tissue. The density of cysts varies 
somewhat with their contents. Ploody fluid 
or hemosiderin in cysts increases their den- 
sity. A clear space or halo is sometimes seen 
around a cyst as well as around fibroade- 
nomas. However, since some circumscribed 
carcinomas also show a clear peripheral zone, 
this sign cannot be relied upon for determin- 
ing diagnosis. 

The breasts in which isolated simple cysts 
occur may reveal no other abnormalities, but 
often there are signs of mazoplasia, i.e., ac- 
centuation of the trabeculae and vascular 
pattern, either locally or throughout the en- 
tire breast. 


Fig. 2. 


Fig. 3. 


Fig. 3. Mastopathy (Schimmelbusch disease) with ad- 
vanced secretory changes in a woman 47 years old. At 
operation the large cyst was filled with thick turbid fluid. 
The adjacent tissue contained extremely thick-walled 
ducts and small cysts filled with inspissated material. 
There was much fibrosis. Pathologic sections showed va- 
rious types of dysplasia, predominantly of the secretory 
type. 


Simple isolated cysts usually occur in only 
one breast, multiple cysts are most often bi- 
lateral. 


DIFFERENTIAL DIAGNOSIS 


Under differential diagnosis we have to con- 
sider: (a) the differentiation of cysts among 
themselves, and (b) the differentiation of 
cysts.from other breast lesions. 

Differential diagnosis of cysts themselves. 
Simple cysts are characteristic of mazoplasia 
II. This is the commonest type of cyst, o¢- 
curring in 47 per cent of cases verified by 
operation in our series. These cysts may be 
solitary, multiple, or conglomerate. They 
are frequently bilateral. Unlike fibroade- 
nomas they are more often surrounded by a 
fuzzy opaque zone than by a halo. The fuzzi- 
ness is due to areas of adenosis intermingled 
with small cysts (Fig. 2). Increased trabecu- 
lar fibrosis may be expected (Figs. 1 and 2). 
When Schimmelbusch disease is present these 
changes are accentuated (Fig. 3). 
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Fig. 4. Apocrine cyst. Operation revealed a thin-walled 
‘yst containing brownish fluid. Microscopically it was 
ined by apocrine cells. 

Fig. 5. Solitary cyst showing fibrosis of surrounding 
tissue due to secretory disease. The fibrous tail seen here 
is not part of the cyst. Pathologically, the cyst had a 
smooth lining, the surrounding tissue was fibrous and 
contained ducts filled with inspissated material. 

Fig. 6. Mucoid carcinoma arising in a subareolar cyst. 
\ mass 5.8 centimeters in diameter was palpable beneath 
the nipple. The x-ray film shows a cyst-like opacity with 
sharp margins except at one edge. The coarse calcifica- 
tions suggest a cyst or fibroadenoma. Since the mass was 
larger clinically than in the x-ray film, malignancy was 
suspected. The skin was thickened and the nipple re- 
tracted. There is indication of infiltration at one edge of 
the tumor which was found to be malignant at operation. 


Apocrine cysts (Fig. 4) need not detain us. 
While present in practically all breasts of 
women over 30 years of age, they seldom at- 
tain clinical size. They are not often seen in 
the x-ray film and when present could not be 
distinguished from solitary cysts of the mazo- 
plastic type. In our series only 1 such soli- 
tary cyst was removed at operation. 

In secretory disease, large cysts are ex- 
ceptional (Fig. 5). In most cases there are 
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Fig. 6. 


dilated ducts and small opacities. The fi- 
brous tissue around the ducts is much in- 
creased. The increased fibrosis is the reason 
for the “tail” seen near the anterior edge of 
the cyst in Figure 5. Close examination 
shows that unlike the tentacle or tail of a 
carcinoma (Fig. 11) this tail-like structure is 
not part of the cyst. 

Intracystic papillomas are much less com- 
mon than the aforementioned varieties and, 
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Fig. 9. 


as a rule, cannot be differentiated from them. 
They may be suspected on account of their 
remarkable visibility on the x-ray film. In- 
creased vascularity of the adjacent breast 
may be expected. 

Intracystic carcinomas, by which we mean 
carcinomas which can be shown to have orig- 


Fig. 7. Fibroadenoma. The smooth, sharply defined 
tumor is surrounded by a clear space or halo. The mam- 
mary tissue is dense as is normal for the patient’s age 
(28 years). The distinction between cysts and fibroade- 
nomas cannot be made on the film, but cysts are less likely 
than fibroadenomas at this age. Operation disclosed an 
encapsulated fibroadenoma. 

Fig. 8. Giant fibroadenoma in a woman 25 years old. 
A large mass with fuzzy margins is seen resembling a large 
cyst. 

Fig. 9. Adenosis. A large mass was palpable for 8 years 
in the upper outer quadrant. Cyst-like masses were felt 
in both breasts. The illustration shows indistinct opacities 
which tend to occur in clusters. Operation revealed firm 
breast tissue with occasional minute blue-domed cysts. 
Microscopic sections showed adenosis, mainly of the 
sclerosing type. 


inated within a pre-existing large cyst, are 
rare. When they do occur, they most often 
appear in the nipple area. A case is illus- 
trated in Figure 6. The carcinoma was partly 
surrounded by a dense fibrous wall in which 
were coarse calcium particles, proof that the 
cyst was of long standing. 
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Fig. 10. Chronic abscess. This woman 24 years old noted 
a mass above the right nipple for 5 months. The margin 
of the mass is sharply defined posteriorly, but obscured 
elsewhere by swollen trabeculae. Some large vessels are 
visible. The density of the mass is not uniform and this 
was reflected in the specimen which showed a large, locu- 
lated, chronic abscess and some smaller abscesses nearby. 

Fig. 11. Papillary carcinoma: This tumor was noted 2 
weeks in a woman 56 years old. Clinically it measured 
8 by 8.5 centimeters and projected as a large, smooth, 
rounded movable mass. No palpable nodes were present. 
The x-ray measurements of the mass are smaller than those 
made clinically and a strand or tail projects posteriorly. 
The trabeculae are thickened and an area of fibrosis is 
seen anteriorly. The perifocal zone is partly clear, re- 
calling the halo sometimes seen around fibroadenomas 
and cysts. Pathologically, the tumor consisted of cyst- 
like spaces filled with necrotic papillary carcinoma. 

Fig. 12. Papillary carcinoma with calcification. This 
mass g centimeters in diameter above the left nipple, 
gradually increased in size for 1 year in a woman 79 years 
old. A large, smooth-walled tumor which might suggest 
conglomerate cysts is seen, but the opacity measures 8 by 
7.5 centimeters, i.e. less than the mass felt clinically. 
Moreover, it contains enormous numbers of minute opaque 
calcified particles. These are seen outside as well as with- 
in the tumor. These are a characteristic of malignancy. 
The breast trabeculae are thickened and the vessels 
greatly distended. Pathologically, the tumor presented 
extremely necrotic papillary growth contained nearly 
everywhere within huge, thick-walled cysts. 


The differentiation of cysts from other breast 
lesions. Fibroadenomas simulate cysts so 
closely that the x-ray film may not be able to 
distinguish between them (Fig. 7). Owing to 
the density of the mammary tissue, a fibro- 
adenoma may not be visible in young women 
unless it impinges on the superficial adipose 
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layer. This is true also of some cysts, but 
cysts occur at an age when the mammary 
tissue is more uniformly infiltrated with fat. 
A conglomeration of cysts forming an iso- 
lated lesion may have curvilinear contours 
suggesting the bosselations of a fibroade- 


noma. When calcification is present, it is 
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usually disseminated through the substance 
of a fibroadenoma, but only in the capsule of 
acyst. In Schimmelbusch disease or mastop- 
athy, cysts generally are small and although 
they are numerous, they are obscured by the 
irregularities of the trabecular pattern and 
by the fibrosis which is also present. As a 
rule, they cannot be differentiated from mul- 
tiple small fibroadenomas which may be a 
feature of this condition. Very large cysts 
are usually distinguishable from’ fibroade- 
nomas of the giant type which have a hazy 
outline in the x-ray film (Fig. 8). 

Mazoplasia I or mastodynia, while easily 
confused clinically with a cystic condition, 
presents no difficulty to the radiologist since 
cysts are absent from the x-ray film. The 
same can be said of adenosis which shows 
fuzzy opacities but no large cysts (Fig. 9). 

Chronic abscess may present difficulty in 
diagnosis and should be suspected when the 
lesion shows indistinct margins, swollen peri- 
focal trabeculae and considerable increase in 
vascularity of the surrounding tissue (Tig. 
10). These signs are also suspicious of car- 
cinoma. However, measurement of a cancer 
in the x-ray film is less than by clinical palpa- 
tion; moreover secondary signs of carcinoma 
in the film will enable the diagnosis to be 
made. 

Of much greater importance is the distinc- 
tion between benign and malignant lesions. 
Failure to differentiate a cyst from a carci- 
noma is obviously a serious roentgenologic 
mistake. Yet this possibility lurks in wait 
for the rash roentgenologist. Some mucoid, 
adenocarcinomas and papillary carcinomas 
may appear as isolated lesions, smooth in 
contour and shaped like cysts from which 
they cannot be differentiated at first glance. 
The dimensions by palpation of such lesions, 
however, are larger than those on the x-ray 
film. This is an important point. Further- 
more, retraction or thickening of the skin and 
other skin changes suggestive of malignancy 
may be seen on the film (4). Malignant le- 
sions are seldom freely movable. Rarely, 
what appears as a cyst-like lesion on the x- 
ray film will have a comet-like tail trailing 
off into surrounding structures. This may 
be the only telltale of malignancy, since other- 


wise these isolated smooth-walled cancers 
simulate cysts. The tail, of course, must be 
continuous with the tumor and not due to a 
superimposed structure (Fig. 11). When cal- 
cification is present, the plaque-like deposits 
in cyst walls are not readily confused with 
the minute splinters of calcification widely 
dispersed in and around malignant lesions 
(Fig. 12). 
DISCUSSION 

X-ray studies of cystic breasts are of ad- 
vantage not only for diagnosis, but may be 
used for following the natural history of the 
disease or the results of treatment. We know 
that cysts may disappear spontaneously and 
usually diminish in size after the menopause. 
However exact verification of this is hardly 
possible without radiology since, as we have 
said, clinical palpation cannot always dis- 
tinguish between cysts, adenosis, and mazo- 
plasia. A roentgenogram taken before and 
after aspiration of a cyst will show whether 
other large cysts are present. In the event of 
recurrence it may be possible to decide 
whether the same cyst has refilled or another 
cyst has formed in the area. Refilling an 
evacuated cyst with diodrast will give an 
even clearer picture. No harm results to the 
patient, especially if the diodrast is then evac- 
uated. It is possible that the diodrast has a 
therapeutic effect in causing slight irritation 
so that the collapsed cyst walls will adhere 
more readily. This recalls the classical treat- 
ment inaugurated by Brodie. 


SUMMARY 


Cysts of the breast can be demonstrated 
easily in x-ray films. The more fat in a breast, 
the easier is the demonstration. Conversely, 
the more compact and dense the parenchyma, 
the more difficult is the diagnosis. The spher- 
ical or ovoid shape and the smooth contours 
of cysts are charactertistic. Occurring with 
increasing frequency in women toward the 
menopause, sometimes abruptly, and not 
associated with any clinical or x-ray signs of 
malignancy, the x-ray diagnosis of cysts may 
not be difficult. When they occur in younger 
women, or in Schimmelbusch disease, differ- 
entiation from fibroadenomas may be diffi- 
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cult or impossible. In older women, failure 
to discount clinical or isolated x-ray stigmas 
of cancer may lead the unwary roentgenolo- 
gist to confuse a benign cyst for cystic-like 
malignant processes. 
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POSTABORTAL SEPSIS DUE TO CLOSTRIDIUM WELCHII 


GORDON WATKINS DOUGLAS, M.D., and BRUCE H. CARNEY, M.D., New York, New York, 
and DOMINIC PELLILLO, M.D., Tucson, Arizona 


OSTABORTAL sepsis due to Clostri- 
dium welchii is a grave condition 
which deserves more attention than it 
has received in the recent literature. 

With the advent of antibiotics the majority of 
postabortal and puerperal infections have 
been brought under control, and mortality 
from this cause sharply reduced. Many of the 
drugs now in use are effective against a wide 
variety of bacterial organisms, so that interest 
in bacteriologic investigation and _ specific 
therapy has diminished. In contrast to this is 
the need for prompt diagnosis and immediate 
treatment in Clostridium welchii infections, 
which may be so fulminating that death en- 
sues in a matter of hours. Moreover, the 
effective means of treatment now available 
have brought into the foreground problems in 
management after the acute phase is past, 
particularly the complication of renal failure. 
This report deals with 6 cases of postabortal 
sepsis due to Clostridium welchii, in which the 
fulminating form of the disease and the later 
problem of oliguria are well illustrated. 
Clostridium welchii infections in the post- 
abortal and puerperal state are uncommon, 
but by no means as rare as might be supposed 
from the number of cases on record. Puerperal 
gas gangrene was known hundreds of years 
ago, but the first accurate description is that 
of Dobbin in 1897. Welch, who described the 
organism under the name of Bacillus aero- 
genes capsulatus in 1892, summarized the 
known data on infections from this cause in 
1900, and devoted considerable attention to 
puerperal cases. In 1905 Little published a 
classical article on the disease with careful 
case reports. Toombs and Michelson found 
45 cases in the literature up to 1928, and noted 
the relation to criminal abortion or prolonged 
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labor (26). More than half of these women 
died within 4 days. 

One of the best studies is that of Hill, pub- 
lished in 1936. He reported 30 cases of post- 
abortal and puerperal Clostridium welchii. in- 
fection, observed over a period of 23 months at 
the Women’s Hospital in Melbourne. The 
incidence among postabortal cases alone was 
nearly 1 per cent, an astonishing frequency in 
view of his finding of only 84 cases in the 
world literature up to that time. Hill empha- 
sized the fundamental importance of early 
diagnosis, outlined the clinical features of 
varying forms of Clostridium welchii infec- 
tion, and recommended early evacuation of 
the uterus and serologic therapy. The mor- 
tality in this series was 63 per cent. 

Clostridium welchii is well known as a 
short, nonmotile grampositive rod which is 
spore-forming and often encapsulated. Its 
principal cultural characteristic is stormy fer- 
mentation of milk, with production of gas and 
clot formation. It requires rather rigid anaer- 
obic conditions for growth in vitro, but is 
widely found in soil, water, milk, sewage, and 
in the intestinal tract of animals and humans. 
Butler was able to demonstrate 640 strains of 
this organism, varying widely in virulence, 
and pointed out that virulence seemed related 
to the presence of a heavy capsule. The 
organism produces a hemotoxin and a myo- 
toxin of unknown nature, and there is a wide 
variability in the toxin-producing capacity of 
different strains, as Lash has shown. . 


It is generally believed that dead or dam- 
aged tissue is necessary for the growth and 
spread of the organism to produce clinical 


infection in the human host. This view was 
first stated by Welch and most subsequent 
writers have concurred. Wrigley postulated 
that the organism must be introduced into 
the uterus from without (manipulation) ; that 
the fetus must be dead and must remain in the 
uterus for a sufficient incubation period; and 
that damage to maternal tissues must have 
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ccurred in order to fulfill the conditions 
necessary for severe puerperal infection due to 
Clostridium welchii. This concept, which has 
seen restated and slightly modified by Russell 
ind Roach, seems to agree with clinical find- 
ngs in the majority of instances. The re- 
juirement of a dead fetus has been disproved, 
iowever, by the case reports of Hill and 
‘oombs (25) in which maternal death oc- 
urred from Clostridium welchii sepsis after 
elivery of a living child. 
The finding of the organism in a substantial 
ercentage of vaginal cultures from normal 
regnant women has evoked considerable in- 
‘rest and discussion. Falls reported 5.9 per 
‘nt positive cultures among 253 patients, 
id Bysshe found the organism in 4.5 per cent 
547 antepartum and postpartum patients. 
he majority of these showed a mixed vaginal 
ra of which Clostridium welchii was a part; 
1ere were 5 cases of endometritis and only 1 
typical gas bacillus sepsis. Wrigley, how- 
‘er, found no positive cultures among 150 
omen with normal pregnancies, but among 
) women with abnormalities of the ante- 
irtum course, labor, or perperium, 13 posi- 
ve cultures were obtained. 
Sadusk and Manahan (24) discovered the 
‘ganism in 8.7 per cent of 219 normal pre- 
ital patients, and in 3 cases the bacillus was 
und during labor or the puerperium. Their 
udies showed that Clostridium welchii was 
ot a permanent inhabitant of the vagina, but 
here persistent positive cultures were ob- 
iined, the organism was virulent. Puerperal 
cpsis was no more common among patients 
vho had positive cultures during pregnancy 
‘han among those with negative findings. It 
would appear that only a small proportion of 
(lostridium welchii strains are pathogenic in 
lumans, under fairly rigid conditions. A 
further explanation of the rarity of severe in- 
lection is offered by Altemeier and Furste. 
‘rom a review of the literature on gas gan- 
grene, they found that 1.76 per cent of con- 


taminated wounds of violence develop this ~ 


complication. Their findings suggested that 
severe and toxic clinical manifestations were 
not entirely due to the virulence of Clostri- 
dium welchii, but also seemed related to the 
toxic effects of severe tissue damage. 
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In the recent literature, puerperal and post- 
abortal infections of this cause have received 
little attention. Poppel and Silverman re- 
corded 1 of the rare instances of x-ray diag- 
nosis by the finding of gas in the uterus 
(physometra). Sadusk and Manahan (23) 
reported 2 cases treated with sulfanilamide. 
Corston and Stallworthy recorded 2 cases 
among 600 instances of incomplete abortion. 
Other case reports are those of Hudson and 
Rucker, Goldberg and Konigsberg, Weinstein 
and Buerger, and Burnett. Ramsey, report- 
ing the experience of a 10 year survey of post- 
abortal and postpartum infection, concluded 
that Clostridium welchii was the most com- 
monly encountered anaerobic organism in 
postabortal cases, but was relatively rare in 
the puerperium. He noted that the organism 
was often found in the vagina without clinical 
signs of infection, and even in the blood 
stream without clinical evidence of septi- 
cemia. Eight Clostridium welchii infections 
were discovered among 1,430 septic abortions. 
Bigby and Jones reported 2 cases, and dis- 
cussed the use of penicillin (also employed by 
Hudson and Rucker and by Goldberg and 
Konigsberg). Bigby and Jones were the first 
to stress the importance of treating the oli- 
guric phase according to the present concept 
of management of lower nephron nephrosis. 


CLINICAL DESCRIPTION 


The clinical features of sepsis due to Clos- 
tridium welchii vary from those of a mild pro- 
tean illness to the highly characteristic picture 
of the fulminating septicemia frequently seen 
in postabortal cases. With the understanding 
that this list does not imply an orderly se- 
quence of pathogenesis, the clinical forms may 
be grouped as follows: 

1. Clostridium welchii in the vagina. The 
organism may be discovered as a small propor- 
tion of mixed vaginal flora in culture, in the 
absence of signs or symptoms of uterine or 
generalized infection. This probably has no 
significance, the strain being nonpathogenic or 
the conditions for its spread not fulfilled. 

2. Localized uterine infection. This may 
take the form of an endometritis of varying 
severity. With the production of gas, the 
uterus may become distended with gas (physo- 
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metra) or emphysematous. There is usually 
exquisite uterine tenderness with general pros- 
tration. Death due to embolization of this gas 
is rare, but the condition is usually fatal 
despite hysterectomy. 

3. Pelvic and peritoneal spread. In this 
form there is parametritis and localized or 
generalized peritonitis, with or without gas 
formation. This is a very grave condition, 
although data on recent cases treated with 
antibiotics are not available for estimation of 
mortality. Most of the deaths reported in the 
literature appear to have resulted from con- 
current septicemia. 

4. Blood stream infections. (a) Bacteremia. 
—The organism may be cultured from the 
blood, but there are no clinical signs of septi- 
cemia other than fever. (b) Septicemia.— 
Blood stream infection, accompanied by the 
dramatic effects of the hemotoxin. A fulmi- 
nating course is frequently seen, and where 
survival of the acute phase occurs, severe 
anemia and renal failure are serious complica- 
tions. Since the organism is an obligatory 


anaerobe, it does not survive for long periods 
in the blood, so that signs of severe toxemia 
may be present despite negative blood cul- 


tures. (c) Metastatic gas gangrene.—Here 
there is spread of the organism to produce in- 
fection in remote parts of the body, with or 
without clinical signs of septicemia. 

The patient with a severe postabortal infec- 
tion due to Clostridium welchii often presents 
a characteristic picture. Following manipula- 
tion, there is the onset of fever, chills, and 
lower abdominal pain, often associated with 
vomiting and occasionally with diarrhea. 
When first seen the patient often appears 
alert and oriented despite signs of toxicity 
and fulminating infection. The pulse is dis- 
proportionately high in relation to the degree 
of fever. When septicemia and hemolysis 
occur, the patient develops jaundice which in 
some -cases rapidly deepens to a peculiar 
mahogany color due to concurrent vascular 
collapse and cyanosis. A profound anemia 
may develop within a short space of time, and 
the result of hemolysis is evident in urine of a 
burgundy wine color. Blood plasma shows a 
similar discoloration. There is a marked leuco- 
cytosis, with a preponderance of young granu- 
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locytic forms. The entire process may develop 
so rapidly that the patient goes into peripheral 
circulatory collapse, cardiac failure, and pul- 
monary edema within a matter of hours. 
The finding of hemoglobinuria and hemo- 
globinemia, jaundice, and rapidly progressive 
anemia in a postabortal patient who appears 
more seriously ill than the temperature would 
ordinarily indicate, should call one’s attention 
to the probability of Clostridium welchii in- 
fection. The diagnosis can be confirmed at 
once by the finding of the organism in large 
numbers in smears from the cervical canal or 
interior of the uterus. Therapy on a massive 
scale should be instituted at once, without 
waiting for cultural confirmation. The condi- 
tion may be confused with acute yellow 
atrophy of the liver, ingestion of toxic aborti- 
facients (turpentine, quinine) and with other 
septic conditions associated with abortion. In 
one of the cases to be presented, traumatic 
perforation of the bladder was the mistaken 
diagnosis on admission to the hospital. 


TREATMENT 


The principles of treatment of Clostridium 
welchii infection in the postabortal and puer- 
peral woman were summarized by Hill in the 
era before antibiotics and chemotherapy were 
available. His first consideration was removal 
of the focus of infection, by curettage or by 
hysterectomy in advanced cases. His other 
recommendations were: specific serum ther- 
apy; fluid administration consisting of oral 
and intravenous fluids as well as transfusion; 
administration of alkalis; and treatment of 
renal failure by forcing fluids. He believed the 
case of established renal failure was hopeless. 

The advent of sulfanilamide brought into 
use for the first time a drug capable of modify- 
ing the course of Clostridium welchii infec- 
tions. It was not completely effective, how- 
ever, and polyvalent serum was still relied 
upon in treatment. Penicillin appears to be 
the drug of choice, because of its effectiveness 
in ordinary dosage (as indicated by Ross) as 
well as the fact that enormous blood levels can 
be tolerated easily (as may occur during 
oliguria). The newer antibiotics may be effec- 
tive, but their use and safety in this condition 
have not been fully investigated. 
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Although the means are at hand to control 
srowth and spread of the organism in even the 
most acute and fulminating infections, there 
‘emains the problem of treating the effects of 

he toxins produced by Clostridium welchii. 
Polyvalent antisera has proved consistently 
lisappointing in this regard. The use of 
ransfusions to combat anemia has been rec- 
mmended and found effective in this condi- 
ion, provided precautions are observed to 
irevent reactions of any kind. In the presence 
i oliguria and renal failure, however, survival 
as a rarity until the concept of lower nephron 
ephrosis and its proper management emerged. 
igby and Jones reported such a case treated 
iccessfully by careful regulation of fluid in- 
ike and electrolyte balance, and saw no im- 
iediate need for more radical measures as per- 
oneal dialysis and use of the artificial kidney. 
CASE REPORTS 
The following cases were observed on the 
ynecological Service of Bellevue Hospital 
iring the decade, 1943 to 1952, and represent 
oved instances of postabortal sepsis due to 
lostridium welchii. During this period 4,686 
itients with abortion were admitted to the 
rvice, so that the organism was discovered 

1 of every 781 cases. A brief survey of the 

ptic abortions revealed a number of cases, 

ten fatal, in which there was a fulminating 
‘pticemia sometimes associated with jaun- 

ce and cyanosis. In retrospect, the clinical 
ctails strongly suggest a gas bacillus infec- 
ion, but this was not demonstrated by cervi- 
il smear or anaerobic cultures. The only 
instance of hemoglobinuria and oliguria com- 
licating abortion during this decade, aside 
irom the cases to be reported, was 1 with a 
clear history of ingestion of turpentine. 

CasE 1. G.B., a 24 year old white gravida 3 para 
, was admitted to the Gynecological Service of 
Bellevue Hospital on July 18, 1944 at 9:00 p.m. Her 
last menstrual period was on April 24, 1944, and she 
experienced the symptoms of early pregnancy. Six 
hours before admission she was given a lysol douche 
by a nurse, followed by an attempt at dilatation and 
curettage. Profuse vaginal bleeding and lower ab- 
dominal cramps began, and persisted until admission. 
She had had a previous full term normal delivery, 
and an induced abortion in the first trimester. 


On admission she appeared to be acutely ill and in 
mild shock, with moderate vaginal bleeding with a 


POSTABORTAL SEPSIS FROM CLOSTRIDIUM WELCHII 493 


Fig. 1. Case 1. Brown stain of placental tissue obtained 
by curettage. Large numbers of pleomorphic, ——— 
gram positive rods are seen throughout the section. 455 


temperature of 102.2 degrees, pulse of 124, blood 
pressure of 88/62. The abdomen was soft, with 
tenderness in the lower quadrants. The cervix was 
soft and admitted a finger easily. The uterus was 
tender and enlarged to the size of a 3 months’ gesta- 
tion, and the adnexa felt normal. Blood counts on 
admission showed the hemoglobin to be 7 grams, 
red blood count 2.53 million. Catheterization re- 
vealed a grossly bloody urine. The patient was given 
morphine and intermittent doses of pituitrin, and 1 
hour later a transfusion was begun. The vagina and 
cervix were packed with gauze, but bleeding con- 
tinued and dilatation and curettage were then car- 
ried out. On return from the operating room, rapidly 
developing icterus and cyanosis were noted. Blood 
cultures were taken and the patient started on sulfa- 
diazine intravenously, and penicillin 25,000 units 
every 4 hours. Despite this and further transfusions, 
she remained in clinical shock and became irrational. 
She expired 45 hours after admission. During this 
time she excreted less than 300 cubic centimeters of 
dark, wine colored urine. Blood cultures showed 
Clostridium welchii. Tissue examination of the pla- 
cental fragments obtained at curettage showed num- 
crous gram-positive rods (Fig. 1). A postmortem 
examination by the medical examiner revealed a 
small perforation of the uterus, and the kidneys were 
reported as demonstrating ‘hemoglobin nephrosis” 
(Fig. 5). 

CasE 2. G.G., a 33 year old, colored gravida 12 
para g, was admitted to the Gynecological Service of 
Bellevue Hospital on February 24, 1946 at 4:00 p.m. 
Her last menstrual period was on December 7, 1945 
and she believed herself to be pregnant. She denied 
interference with this pregnancy, and stated that 5 
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Fig. 2. Case 4. Brown stain of placental fragments 
found within the uterus at autopsy. A large colony of 
Clostridium welchii is seen surrounded by fibrin. 


days before admission she began to bleed vaginally, 
and 2 days later began to have chills and fever. 

On admission the patient did not appear ill, and 
was in no distress. Her temperature was tor degrees, 
pulse 100, and blood pressure 120/68. The abdomen 
was soft and nontender. The cervix was soft and 
admitted a fingertip, and the uterus was enlarged to 
the size of a 10 weeks’ gestation, and nontender. 
There was moderate adnexal tenderness, but no 
masses were felt. Examination of the blood revealed 
a hemoglobin of 8.5 grams, red blood count 2.9 mil- 
lion, and white blood count 14,000. A catheterized 
specimen of urine showed no abnormality. Cervical 
and blood cultures were taken, and the patient 
started on penicillin 25,000 units every 3 hours. 

On the following day the blood culture was re- 
ported as showing Clostridium welchii. At this time 
the temperature was elevated to 1o1 degrees, but the 
patient appeared to be in good condition with no 
signs of septicemia or hemolysis. Penicillin was in- 
creased to 50,000 units every 3 hours. Cervical cul- 
tures taken on the third hospital day showed the 
organism, but all cervical and blood cultures there- 
after were negative. On the third day the patient 
spontaneously passed a large fragment of placenta, 
and bleeding ceased. On the seventh hospital day 
examination showed the uterus and adnexa to be 
normal in size. The patient was discharged on the 
eleventh day in good condition. 

CasE 3. V.H., a 33 year old white gravida 5 para 
4, was admitted to the Gynecological Service of 
Bellevue Hospital on January 3, 1948 at 3:00 p.m. 
Her last menstrual period was 2 months previously, 
and she believed herself to be pregnant. On the day 
before admission she inserted a rubber catheter into 
the cervix, and this was followed by profuse vaginal 
bleeding and lower abdominal cramps. 

Examination on admission revealed a well devel- 
oped white woman who did not appear ill. Tem- 
perature, pulse, and blood pressure were normal. 


Examination of the abdomen showed no tenderness 
or spasm. The cervix was firm and closed, and the 
uterus appeared to be normal in size and nontender. 
Hemoglobin determination was 12.0 grams and the 
white blood count 9,000. An Aschheim-Zondek test 
was later reported as positive. A catheterized urine 
showed no abnormality. 

The patient was placed at bed rest, and for 3 days 
was afebrile and asymptomatic, with no bleeding. 
On the fourth day she began to bleed again, with ab- 
dominal cramps and a rise in temperature to 103 de- 
grees. A blood culture was taken and penicillin 
50,000 units every 3 hours was begun. The culture 
was subsequently reported as showing Clostridium 
welchii. On the sixth hospital day she spontaneously 
passed the products of conception intact, and tem- 
perature thereafter fell to normal levels. She signed 
out of the hospital against advice on the tenth day, 
but returned 2 days later with further vaginal bleed- 
ing. Repeated blood cultures were negative, but the 
patient was again given penicillin. Cervical cultures 
now showed a heavy growth of hemolytic streptococ- 
cus, and she developed signs of minimal thrombo- 
phlebitis of the left leg. On conservative manage- 
ment this subsided, and she again signed out of the 
hospital against advice on the sixteenth day. 

CasE 4. B.L., a 27 year old white gravida 3 para 
2, was admitted to the Gynecological Service of 
Bellevue Hospital on June 1, 1952 at 11:30 p.m. Her 
last menstrual period occurred on March 31, 1952, 
and she had noted symptoms of early pregnancy. 
Thirty hours before admission she introduced a ‘‘rat 
tail comb” into her cervix to induce abortion. This 
was followed immediately by fresh vaginal bleeding 
associated with sharp suprapubic pain and backache. 
Twelve hours before admission she gave herself an 
enema, which was followed by vomiting and diarrhea. 
Three hours before entry she noted reddish-brown 
discoloration of vomitus and urine. Past history was 
noncontributory. 

On admission the patient appeared acutely ill and 
dehydrated, but surprisingly alert. Her tempera- 
ture was 101.6 degrees, pulse 120, and blood pressure 
130/74. General physical examination was negative 
except for the abdomen and pelvis. There was mod- 
erate diffuse tenderness in both lower quadrants of 
the abdomen. Bimanual examination revealed the 
cervix to be soft, patulous, and tender on motion. 
The uterus was enlarged to the size of a 6 weeks’ 
gestation, and also tender. Adnexal areas were nega- 
tive. On speculum examination the cervix was 
cyanotic and showed evidence of recent trauma. 

The hemoglobin determination was 9.5 grams. 
Catheterization revealed a dark wine-colored urine, 
which on microscopic examination showed intact 
and fragmented red blood cells. Roentgenograms of 
the abdomen in horizontal and upright positions 
were negative. Because of the history, the question 
of bladder trauma was raised, and a urologic con- 
sultant recommended cystoscopy. An infusion con- 
taining 500 milligrams of terramycin was begun, and 
oral terramycin 500 milligrams every 6 hours started. 
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Six hours after admission the patient suddenly de- 
cloped dyspnea, cyanosis, and signs of pulmonary 
lema. Despite emergency measures, she died with- 
: 30 minutes with a picture of peripheral circulatory 
lapse. Autopsy was performed 8 hours after 
eath. All of the viscera showed a deep purple dis- 
jloration and were friable in consistency. The 
terus was enlarged to twice normal size, boggy, and 
mtained placental fragments. Microscopic exami- 
ition revealed widespread pulmonary edema, and 
‘idence of marked leucocytosis in the vessels of the 
ing and liver. There was a spotty increase in bile 
gmentation of the liver. The adrenals showed re- 
iced pigmentation of the reticular zone, but no 
her abnormality. Sections from the kidneys re- 
‘aled glomeruli which appeared slightly swollen, 

th thin serous deposits in the glomerular spaces. 
1e epithelium of the proximal convoluted tubules 
is swollen, granular, with indistinct cellular detail, 

d the lumens of these tubules were packed with 

inular debris. The distal convoluted tubules and 
llecting tubules appeared normal, and no casts 

re seen. The placenta was necrotic, and bacterial 
iins of placental tissue showed myriads of plump, 

\m-positive rods surrounded by a capsule (Figs. 2 

d 3). 

CASE 5. C.M., a 32 year old white gravida 3 para 

was admitted to the Gynecological Service of Belle- 

e Hospital on June 8, 1952 at 12:00 noon. Her last 

‘nstrual period occurred on March 12, 1952. 

ty-eight hours before admission she inserted an 

sterile rubber catheter “into her womb” to induce 
ortion. This was followed by intermittent lower 
dominal pain and fresh vaginal bleeding. On the 
yv before entry she began to suffer from shaking 
ills and fever. Bleeding continued, but no tissue 
is passed up to the time of admission. Past history 
vealed malaria and jaundice in childhood. Two 
ars before admission she had an episode of hema- 
ria, treated by cystoscopy and removal of “gravel.” 

On admission the patient appeared acutely ill and 
stless, but mentally clear. Cyanosis of the nail 
ds and around the mouth was noted. There was a 
ild icteric tint in the sclerae. Her temperature was 
) degrees, pulse 120, and blood pressure 90/60 

lositive physical findings were limited to the pelvis 
ond abdomen. There was moderate tenderness on 
irect pressure in the left lower quadrant. Pelvic 
«xamination showed a discolored, soft patulous cer- 
ix, which was painful on motion. There was a 
moderate amount of dark blood in the os, but no tis- 
sue was seen. The uterus was enlarged to the size of 
an 8 weeks’ gestation, and tender. Both adnexal 
areas were tender, but without palpable masses. 
Catheterization revealed 150 cubic centimeters of 
dark, wine-colored urine which on microscopic ex- 
amination showed heme casts, occasional blood cells, 
and a strongly positive guaiac test. The hemoglobin 
determination was 8.0 grams and the red blood count 
3.8 million. A smear showed a leucocytosis of 35,000, 
with a marked shift to the left. On standing, the 
plasma showed definite evidence of hemolysis. A 
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Fig. 3. Case 4. The changes in the kidney are most 
marked in the proximal convoluted tubules. The epithel- 
ium is fragmented, with granular debris in the lumens. 
Hematoxylin and eosin, X 165. 


smear from the region of the cervix stained with 
Gram’s stain showed numerous plump, gram posi- 
tive, encapsulated rods resembling the Welch bacillus 
(Fig. 4). 

Terramycin and penicillin were administered in 
large doses intravenously, and terramycin was con- 
tinued orally, and penicillin intramuscularly. Poly- 
valent antiserum was begun in dosages of 40 cubic 
centimeters at intervals of 2 hours, given intra- 
venously, and later reduced to 20 cubic centimeters. 
Cortisone was given, 200 milligrams orally and 100 
milligrams intramuscularly on the first day, and 25 
milligrams orally every 6 hours thereafter. 

Shortly after admission the patient passed a large 
placental fragment, and vaginal bleeding sharply de- 
creased. Eight hours after admission there was a 
drop in blood pressure to 70/50 with a rise in pulse 
rate. Edema of the face and extremities was noted. 
Hemoglobin determination was 5.0 grams. The pa- 
tient was digitalized rapidly and transfusion begun 
slowly. Intravenous lactate and bicarbonate solu- 
tions were forced initially, but discontinued when 
the patient developed hyperpnea and carpopedal 
spasm. This was controlled with intravenous cal- 
cium gluconate. 

Because of the obvious presence of hemolysis, in- 
travenous polyvinyl pyrrolidone K-20 6 per cent, a 
plasma expander, was also employed for its theo- 
retical ability to bind toxins. However, the patient 
showed clinical improvement before this was given. 

While her condition was better, she had excreted 
only 750 cubic centimeters of urine despite an intake 
of 4,525 cubic centimeters during the first 36 hours 
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Fig. 4. Case 5. Smear from cervix, showing Clostridium 
welchii. Finding these organisms in postabortal sepsis should 
indicate prompt and massive therapy. 640. 


in the hospital. A diagnosis of oliguria was made, 
and the daily fluid intake thereafter was limited to 
the volume of daily urinary output plus 500 cubic 
centimeters. Urinary output increased somewhat 
after the fourth day, but diuresis did not occur until 
the ninth hospital day. Cortisone was continued for 
8 days, then stopped. Antibiotic therapy was dis- 
continued on the twelfth day, when the white blood 
count approached normal. Blood culture on admis- 
sion showed no growth, but vaginal cultures for 
Clostridium welchii remained positive despite anti- 
biotics. Penicillin and terramycin suppositories were 
placed in the vagina to correct this, and subsequent 
cultures were negative. 

Three weeks after admission the patient developed 
hallucinations of impending disaster and death. 
The nonprotein nitrogen, which had risen to 300 
milligrams per cent on the seventh hospital day, 
was now 31 milligrams per cent. She was trans- 
ferred to the psychiatric unit for observation, and 
discharged a week later in the care of relatives with 
a diagnosis of “schizoid reaction in remission.” It 
is possible that this psychic disorder was related to 
the cortisone therapy. 

Clinical findings, laboratory data, and therapy 
are summarized in Figure 6. 

CasE 6. A.R., a 30 year old white female, gravida 
4 para 2, was admitted to the Obstetrical Service of 
Bellevue Hospital on November 7, 1952, at 12:00 
noon. Her last menses occurred on June 5, 1952. 
Her antepartum course was uneventful until 10 
hours before admission, when she experienced cramp- 
ing lower abdominal pain with slight vaginal bleed- 
ing, which grew progressively worse. She denied 
taking drugs or interfering with this pregnancy in 





Fig. 5. Case 1. Section of kidney showing “hemoglobin 
nephrosis,”’ with damaged tubular epithelium in both the 
upper and lower nephron. Hematoxylin and eosin, X165. 


any way. She had had 2 full term deliveries previ- 
ously, and 1 spontaneous abortion in the fifth 
month. Past history was otherwise negative. 

On admission the patient was in extreme distress 
from abdominal pain, but seemed mentally clear. 
Her temperature was 99.4 degrees, pulse go, and 
blood pressure 90/50. There was no icterus or 
cyanosis. Examination of the abdomen revealed 
the uterus, 2 fingers above the umbilicus, exquisitely 
tender. The fetal heart was not heard. Vaginal 
examination under sterile conditions revealed a 
closed cervix with intact membranes. There was no 
evidence of placenta previa. A catheterized urine 
specimen was deep red in color, with evidence of 
hemolysis. Hemoglobin determination was 9.0 grams 
and the white blood count 11,300. The plasma 
showed definite evidence of hemolysis. Smears 
taken from the cervix revealed numerous gram-posi- 
tive, encapsulated rods. The patient was started on 
penicillin with an initial dose of 1,000,000 units 
intravenously, and a pituitrin infusion was begun. 
After a brief interval she spontaneously delivered a 
14 ounce stillborn infant showing no signs of macera- 
tion. The placenta failed to separate despite oxy- 
tocics, and was manually removed without difficulty. 
The urinary output during the first 12 hours was 
less than roo cubic centimeters, and cultures from 
the cervix showed a pure growth of Clostridium 
welchii. For these reasons, the patient was trans- 
ferred to the medical service for further management. 

She continued to receive large doses of penicillin 
until the eighth hospital day, when the drug was 
discontinued because of a rash. Antisera were not 
given. Urinary output was less than 100 cubic 
centimeters per 24 hours for the first 8 days, with 
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gradual increase thereafter to normal levels on the 
twelfth day. During this time fluid intake was re- 
stricted and varied according to electrolyte studies. 
Fat and carbohydrate were administered in the 
form of an emulsion orally. A profound anemia 
developed, reaching 6.0 grams of hemoglobin on the 
fifth day, and the patient was given 1 transfusion 
with good response. Blood cultures on admission 
were negative, and vaginal and cervical cultures 
after admission were negative for the first 3 weeks. 
The patient continued to run a low grade fever, 
which never reached ror degrees, and a reddish- 
brown vaginal discharge persisted. Examination 1 
month after admission showed the uterus enlarged 
to twice normal size, with tenderness in the adnexal 
areas and thickening of the right parametria. A 
diagnosis of retained placental fragments was made, 
and cultures from the cervix again showed a pure 
growth of Clostridium welchii. Dilatation with 
curettage was then carried out, and a large amount 
of necrotic placental tissue obtained. Bacterial 
stains of this, as well as of the original placenta, 
showed no evidence of the gas bacillus. Convales- 
cence was smooth except for a chill following a 
transfusion, and the temperature fell to normal 
levels. Cultures from the cervix were negative. She 
was discharged on restricted activity after a hospital 
stay of 6 weeks, with a moderate anemia and findings 
of residual pelvic inflammatory disease. She was 
readmitted 2 weeks later with pelvic peritonitis and 
large adnexal inflammatory masses. Cervical smears 
and cultures, as well as blood cultures, showed no 
evidence of Clostridium welchii infection. On peni- 
cillin and dihydrostreptomycin therapy her tempera- 
ture gradually fell to normal levels and the pelvic 
masses decreased in size. Her condition thereafter 
steadily improved. When last seen on March 5, 
1953 a small nontender, residual mass was felt in the 
right adnexal area, and the patient had no complaints. 

The findings during the anuric phase of her illness 
are summarized in Figure 7. 


DISCUSSION 


Postabortal oliguria has attracted recent 
interest because of its identity with lower 
nephron nephrosis and its close clinical simi- 
larity to the crush syndrome described in 1941 
by Bywaters and Beall. In the same year 
Bratton reported 8 cases of fatal septic abor- 
tion, in 5 of which there was anuria or evi- 
dence of renal shutdown. The pathologic 
changes in the kidneys, tubular degeneration, 
and heme casts were similar to those found in 
patients dying after severe crushing injury, or 
from lower nephron nephrosis. Bratton con- 
cluded that the lesion was a toxic one, not 
necessarily related to the puerperal or post- 
abortal state. In 1946 O’Sullivan and Spitzer 
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Fig. 6. Case 5. Oliguria complicating postabortal sepsis 
due to Clostridium welchii, with recovery. Organisms re- 
mained in the vagina despite massive and prolonged anti- 
biotic therapy. 


reviewed the world literature on acute renal 
failure complicating abortion and were able 
to discover only 17 cases, to which they added 
2 of their own. Further studies have shown 
that this kidney lesion, and the clinical pic- 
ture of lower nephron nephrosis, may result 
from a variety of conditions in which there is 
massive and sudden intravascular hemolysis, 
renal ischemia, or the sudden introduction of 
toxic substances. Laboratory evidence pro- 
duced by Trueta has clearly implicated renal 
ischemia in the pathogenesis of the lesion, 
and he was able to produce similar changes in 
animals by the injection of staphylococcus 
toxins. Finally, O’Donnell (16) has reported 
3 additional cases of oliguria complicating 
abortion, and concludes that the renal failure 
may depend on a nephrotoxic substance 
elaborated from dead or dying placental tis- 
sue, which in the presence of septicemia may 
initiate renal ischemia in susceptible persons. 

It is curious that none of these authors has 
made a serious attempt to implicate or rule 
out Clostridium welchii septicemia in the 
etiology of postabortal oliguria. To some ex- 
tent this is explained by the presence of trans- 
fusion reactions, massive doses of sulfona- 
mides, and the possibility of drug toxicity 
from the history in these cases. Nevertheless, 
the relation to sepsis, history of interference, 
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Fig. 7. Case 6. Anuria complicating postabortal sepsis 
due to Clostridium welchii, with recovery. Positive cul- 
tures were obtained from the cervix despite prolonged 
therapy and recovery of renal function, and curettage was 
carried out. 


and presence of retained dead placental tissue 
is clearly recognized. Among the 6 cases dis- 
cussed by O’Sullivan and Spitzer, 5 were 
septic, and in 1 instance Clostridium welchii 
was found at autopsy but attributed to intra- 
mortem growth. In 2 other cases the details 
of the case reports suggest that this organism 
may have been the cause of the septicemia. 
In the report presented by O’Donnell (16), 
2 of the 3 cases exhibited jaundice and hemo- 
globinuria, for which no specific cause was 
found, and all were instances of infected 
abortion. 

We are led to suggest this explanation of 
these cases because of our experience that 
vaginal smears may be inconclusive unless 
taken before antibiotic therapy is begun, and 
by the fact that septicemia of pronounced 
degree may exist despite negative blood cul- 
tures. Moreover, Clostridium welchii requires 
rigid anaerobic conditions for its successful 
growth in culture, and failure to provide these 
condjtions is a frequent source of error. If 
postabortal oliguria is generally related to 
Clostridium welchii septicemia, one puzzling 
aspect of the condition, its rarity, is neatly 
explained. The low frequency of postabortal 
oliguria parallels that of postabortal sepsis 
due to Clostridium welchii, and it is note- 
worthy that this is the only organism encoun- 
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tered in postabortal sepsis which frequently 
produces a potent hemolyzing toxin. 

The frequency of septicemia, hemolysis, 
and renal failure in postabortal Clostridium 
welchii infections is difficult to judge from the 
scattered case reports in the literature. In the 
largest single series, reported by Hill, jaundice 
was noted in 14 of 22 patients, hemoglobinuria 
in 9, and renal failure in 5. It is likely that the 
incidence of oliguria in this condition will in- 
crease, for the effectiveness of penicillin in 
limiting the infection will allow the develop- 
ment of this complication before death ensues 
from other causes. 

The exact manner in which renal failure is 
produced by the hemolytic state in Clostri- 
dium welchii septicemia is not clear, but 
would appear to be the same as in other con- 
ditions of massive intravascular hemolysis. 
Under conditions of acidity in the urine, and 
probably in the presence of damaged tubular 
epithelium, hemoglobinuria results in the de- 
position of heme casts in the distal convoluted 
and collecting tubules. Damaged tubular 
epithelium may be due to ischemia, or to toxic 
substances originating in the placenta, from 
the gas bacillus itself, or to elements from 
hemolyzed blood cells. 

Kidney sections were available from au- 
topsy material in both of the fatal cases pre- 
sented in this report. In Case 4, clinical signs 
of infection were evident 18 hours before 
death, which occurred before a diagnosis of 
renal failure could be established. The section 
of kidney from this case shows no heme casts 
or changes in the distal convoluted and col- 
lecting tubules (Fig. 3). There is swelling of 
the glomerulus and epithelium of the proximal 
convoluted tubules, with granular deposits in 
the lumens. The lesion appears to be mainly 
in the upper nephron. In Case 1, oliguria was 
established. This kidney shows similar and 
more advanced changes in the upper nephron, 
as well as heme casts and degenerative changes 
in the distal convoluted tubules (Fig. 5). One 
gains the impression from these sections that 
there is a toxic change, first evident in the 
upper nephron, preceding mechanical block- 
age and cast formation in the distal tubules. 

Cases 1 and 4 in this report are classical 
examples of fulminating Clostridium welchii 
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septicemia, against which nothing less than 
heroic therapeutic measures would be effec- 
tive. It is in this type of case that immediate 
diagnosis and prompt, massive therapy are 
essential if a fatal outcome is to be avoided. 
The terminal picture was one of peripheral 
vascular collapse and pulmonary edema. The 
rapidity with which this occurred suggested 
the possibility of an adrenal lesion, but at 
autopsy and on microscopic study these or- 
gans were essentially normal in appearance. 
Case 5 was admitted 1 week after fatal 
Case 4, and a diagnosis was promptly made 
from cervical smears. A wide variety of thera- 
peutic measures were instituted, with the con- 
viction that only in this way could a fulminat- 
ing course be modified or avoided. Penicillin 
was started in large doses both intravenously 
and intramuscularly. It would appear from 
the literature, as well as from our experiences 
in these cases, that this is the most effective 
available drug in this type of infection. 
Terramycin was employed intravenously as 
well, but its effectiveness has not been demon- 
strated and is difficult to evaluate in this case. 
Polyvalent antiserum was given in large doses, 
and this may have modified the course to 
some extent. In the reported cases, however, 
it has not proved effective in severe infections 
unless supported by other measures. Blood 
transfusion was begun cautiously, not only 
because of the dire consequences of reactions 
in this hemolytic state, but also because of the 
precarious status of peripheral circulation. 
Rapid digitalization was carried out for this 
reason as well, and measures were taken to 
alkalinize the urine. Cortisone was given as a 
general supportive measure, and to combat 
any tendency to sudden vascular collapse. It 
may have been effective in carrying the pa- 
tient past the point, some 12 hours after ad- 
mission, when this seemed likely. Polyvinyl 
pyrrolidone K-20 6 per cent, a plasma ex- 
pander, was used because of its potential 
ability to bind toxins. Supposedly, it has a 
detoxifying effect on certain dyes, the toxins 
of botulinus, diphtheria, and tetanus. No con- 
clusions concerning its value can be drawn. 
After 36 hours it was apparent that the im- 
mediate dangers of septicemia and toxemia 
were past, and by this time the presence of 
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oliguria as a complication was also established. 
The problem then became one of proper man- 
agement of fluid and electrolyte balance. Prior 
to the days of venoclysis such anuric and oli- 
guric patients were occasionally maintained 
for several weeks. With modern fluid therapy, 
excesses must be avoided in cases of renal 
failure or the patient may become water- 
logged, developing edema and hypertension. 
A general rule is to limit daily fluid intake to 
an amount equal to the urinary output plus 
the estimated insensible fluid loss during the 
preceding 24 hour period. One hundred grams 
of carbohydrate daily wiil not only supply 
calories but may decrease protein metabolism. 
Nitrogen retention was limited to some extent 
by the exclusion of protein from the diet. 
Consequently, exogenous potassium was also 
eliminated. Ultimately, if the patient shows 
no improvement the artificial kidney and 
peritoneal lavage may have to be considered, 
but our experience agrees with Bigby and 
Jones’, that this will seldom be necessary. 

The last case is one of septicemia, hemol- 
ysis, and anuria. It was unusual in that there 
was no history of interference or ingestion of 
toxic drugs, and examination revealed a closed 
cervix and intact membranes. Diagnosis was 
suspected from hemoglobinuria, and promptly 
confirmed by smear, and later by culture. 
Penicillin alone was used with good results. 
Despite obvious hemolysis, anemia and anuria, 
the patient did not develop the signs of im- 
pending vascular collapse noted in Case 5. 

In both Cases 5 and 6 positive cultures were 
obtained from the vagina after many days of 
heavy antibiotic therapy, and despite clinical 
improvement and stabilization. In the first 
instance this may have been controlled by the 
use of penicillin and terramycin vaginal sup- 
positories. In the second case, curettage for 
the removal of necrotic placental fragments 
was necessary before cultures became nega- 
tive, and there were no ill effects of this pro- 
cedure carried out in the presence of the gas 
bacillus. It is believed that removal of necrot- 
ic placental tissue is highly desirable early 
in the treatment of these cases, but this should 
not take precedence over measures in treat- 
ment of sepsis, and may be deferred safely 
until the course is stabilized. 
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SUMMARY AND CONCLUSIONS 


1. Six cases of postabortal sepsis due to 
Clostridium welchii are presented. . 

2. Death occurred in 2 cases due to ful- 
minating septicemia and vascular collapse. 
In 2 cases, septicemia was controlled and the 
patients survived the consequent complica- 
tion of oliguria. In 2 cases, bacteremia was 
seen without clinical signs of septicemia. 

3. A brief review of the literature reveals 
that this condition is seldom recorded, despite 
its frequently fatal outcome. 

4. The similarity of oliguria complicating 
postabortal sepsis due to Clostridium welchii, 
and lower nephron nephrosis due to other 
causes, is stressed. It is suggested that re- 
ported cases of oliguria complicating septic 
abortion, which have attracted recent interest 
and comment, may be due to Clostridium 
welchii septicemia. 

5. The importance of prompt diagnosis by 
means of vaginal or cervical smear, and the 
need for immediate therapy are emphasized. 
At the present time, penicillin in large doses 
would appear to be the drug of choice. 

6. The use of additional measures in treat- 
ment is discussed, and the management of 
oliguria by careful regulation of fluids and 
electrolytes is presented. 
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EFFECTS OF APRESOLINE, VERATRUM ALKALOIDS, 


HIGH SPINAL ANESTHESIA, AND ARFONAD ON 
RENAL HEMODYNAMICS OF PREGNANT 
PATIENTS WITH TOXEMIA AND 
ESSENTIAL HYPERTENSION 


S. A. KAPLAN, M.D., and N.S. ASSALI, M.D., Cincinnati, Ohio 


VIDENCE has accumulated that gen- 
eralized arteriolar vasoconstriction 
and increase in peripheral resistance 
to blood flow are characteristic of the 

hypertensive states complicating pregnancy. 
More recently, it has been shown that in- 
crease in -vascular resistance is not limited to 
peripheral channels but extends also to the 
cerebral and renal circulations. The latter, in 
particular, has been subjected to careful 


study, and it appears that reduction of renal 


blood flow and glomerular filtration rate is 
usually present in toxemia and essential hy- 
pertension. These changes in renal hemo- 
dynamics are associated with increase in re- 
sistance of the renal vascular bed, particularly 
the afferent segment, to the flow of blood. 

Because of the presence of renal vasocon- 
striction in the syndromes of hypertension 
complicating pregnancy, it was considered of 
interest to investigate the effects of some of the 
newer vasodepressor agents on the renal hemo- 
dynamics of subjects with these syndromes. 
It has been shown that lowering of the blood 
pressure of normotensive pregnant patients, 
for example by autonomic blockade with high 
spinal anesthesia, may be accompanied by 
active renal vasoconstriction, and it is as- 
sumed on theoretical grounds that further 
increase in renal vascular tone would be an 
undesirable side effect of a vasodepressor 
agent used in the management of hypertensive 
states complicating pregnancy. 
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The agents selected for this study were: 
(a) l-hydrazinophthalazine (apresoline). This 
agent usually lowers the blood pressure in 
cases of hypertension of diverse etiology. In 
toxemia of pregnancy intravenous injection of 
30 to 40 milligrams evokes a marked fall in 
blood pressure followed by an increase in 
cardiac output and reduction of peripheral 
resistance. In both normotensive and hyper- 
tensive nonpregnant patients its use has been 
followed by increase in renal blood flow and 
diminution of cerebral vascular resistance. 
(b) Veratrum preparations in the form of total 
crude extract (verenteral) or pure alkaloids 
(protoveratrine and IN-66). Protoveratrine 
is obtained from Veratrum album and IN-66 
from Veratrum viride. These preparations 
were known to lower the blood pressure in 
cases of essential hypertension and toxemia of 
pregnancy. Studies of nonpregnant patients 
receiving these compounds have indicated 
that this vasodepression is accompanied by an 
initial decrease in renal blood flow which may 
or may not subsequently return to control 
levels. (c) High spinal anesthesia with 0.2 per 
cent and 1 per cent procaine solution. In 
cases of normotensive pregnancy high spinal 
anesthesia usually produces a marked fall in 
blood pressure. In toxemia of pregnancy 
hypotensive responses do not usually occur to 
any marked degree. (d) Ro2-2222 (arfonad). 
This ganglionic blocking agent may be effec- 
tive as a vasodepressor drug in patients with 
essential hypertension and with normal preg- 
nancy, in whom it also produces a significant 
fall in cardiac output. In toxemia of preg- 
nancy it is less effective in its ability to lower 
the blood pressure. 









TABLE I.—APRESOLINE 
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Blood pressure Renal plasma flow Glomerular filtration | Renal vascular resistance, 
mm.Hg c.c./min./1.73m.* rate, c.c./min./1.73m.?__| ynes. sec.cm,~§ 
Patient Diagnosis as - ee 
Before After Before After Before After Before After 
AP “Toxemia | 103/100 153/72 | 600 | 765 | 7 $0 “10,100 «6,600 
B.M. ; ~ ‘Foxemian 166/111 “148/79 pr "563 7 55 50 t 000 ‘ _— 
A.E ‘ “Toxemia 170/115 ra8/yo: a so2 i Reo = 84 i: a me 13,500 13,300 7 
H.B ; | Toxemia | 1 37 07 127 ) 7° F 623 4 600. ms 60 a 47 8,400 7,600 
CA, at “Toremia | 14! /96 fs 37 Ins ” gas se ‘or _ 54 i 37 16,500 i "2,000 
hyp. | 204/124 180/tos | ato: 477 | 65 | 67 __t6s100 | 12,000 
 wBo/1es | 160/90 | 452 | «sto 70 50 18,900 | 13,100 
113 /68 ; 116/62 720 717 73 | 56 6,400 | 6,200 
117/70 a 111/53 _ 443 115 104 ' 7,800 m 6,700 








Ess. hyp.—-Essential hypertension 
Normot.—Normotensive pregnant. 

Renal plasma flow—PAH clearance. 
Glomerular filtration rate—Mannitol clearance. 


METHODS 


Studies were performed on 30 pregnant sub- 
jects whose ages varied from 15 to 40 years 
and in whom the duration of gestation was 
between 24 and 38 weeks. There were 17 pa- 
tients with toxemia of pregnancy, 7 with 
essential hypertension, and 6 with normoten- 
sive pregnancy. The diagnoses were based on 
criteria outlined elsewhere (1). 

All patients were studied after they had 
been at bed rest in the hospital for 24 hours. 
Renal blood flow, glomerular filtration rate, 
renal vascular resistance, pulse rate, and blood 
pressure were measured by the use of methods 


Blood pressure | 






TABLE II.—VERATRUM COMPOUNDS 


Renal plasma flow 


described previously (1, 2). The technique 
consisted of the constant intravenous infusion 
of hypertonic mannitol solution in quantities 
calculated to produce osmotic diuresis with a 
fairly constant rate of urine flow. The techni- 
cal difficulties inherent in the sudden inhibi- 
tion of water diuresis (which might occur fol- 
lowing the administration of a vasodepressor 
agent) were thus circumvented. Sodium para- 
aminohippurate (PAH) was included in the 
solution administered for the measurement of 
renal plasma flow. There was one departure 
in the present experiments from the tech- 
niques previously described in that some of the 
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mm.Hg c.c./min./1.73m.2 rate, c.c./min./1.73m.2 ance, dynes. sec. cm.~ 
Patient ee ee) eer ea eae as 
Before After Before | After Before After | Before After 
; M.McG. Toxemia "Verenteral | 131/97 | 110/78 | 363 | 369 14 69 14,000 11,700 
R.K. Toxemia Verenteral | 171/123 120/80 | 248 | 180 38 30 23,500 31,900 
E.T. Toxemia Verenteral | 140/96 126/79 | 455 | 371 | 112 92 9,700 10,200 
CB. Toxemia a ee | 167/101 172/116 | 530 434 67 61 10,400 13,600 
rin 
A.M: Toxemia so eal | 180/ros | 188/94 | 380 335 71 57 13,000 14,500 
rine 
E.F. Toxemia IN-66 | 135/98 117/86 | 717 642 17 69 7,200 7,100 
L.W. | Toxemia IN-66 | 139/00 130/80 | 431 429 67 65 12,400 11,400 
4 A.C. | Ess. hyp. | IN-66 spin 4 44/82 | 144/83 | 7890 — 128 | 134 6,200 | 6,600 . 
J.H Normot | IN-66 110/70 110/71 : 836 . 825 114 | 113 a 3,800 “13,900 a) 
“MC. “| Normot | IN-66 | r11/6s | 102/62 | 497 | 432 | oa | 100 | - 7,200 i " oie 
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TABLE III.—HIGH SPINAL ANESTHESIA 
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Renal plasma flow 


Glomerular filtration | Renal vascular resistance, 





























; | ’ i mm.Hg c.c./min /1.73m.2 rate, c.c./min./1.73m.2 | ynes. sec. cm.~§ 
Patient | Diagnosis E EE bee | Sane 7 
Before After Before | After | Before After Before | After 
Bete |r |e ee 
MJ. 7 | Toxemia | 149/103 - rsa/uic- —_ 725 | ~ ion : os on ° 6,300 i 8,500 
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patients were permitted to drink water in the 
16 hours prior to beginning the procedure, 
since it was not planned to include a study of 
the renal concentrating powers. After a suit- 
able equilibration period, 2 to 4 specimens of 
urine were collected by means of an indwelling 
catheter, air being insufflated and removed to 
ensure complete emptying of the bladder. 
The vasodepressor agent was then adminis- 
tered and 2 to 4 further collections of urine 
were made. Samples of venous blood were 
withdrawn at, or near, the midpoint of each 
period of collection of urine. Analytic meth- 
ods were those in routine use in these lab- 
oratories (7). 

The doses of apresoline and veratrum com- 
pounds were those which have been shown to be 
effective in the treatment of the hypertensive 
states of pregnancy. Apresoline was adminis- 
tered as a single intravenous injection of 40 
milligrams. The dose of verenteral was 0.5 
cubic centimeter, of protoveratrine 0.05 milli- 
gram in 0.5 cubic centimeter solution, and of 
IN-66 one milligram in 0.5 cubic centimeter 
solution. Veratrum alkaloids were adminis- 
tered intravenously. Arfonad was given by 
continuous intravenous infusion at rates vary- 


ing from 6 to 16 milligrams per minute. High 
spinal anesthesia to levels between the fourth 
cervical and second thoracic segments was in- 
duced in 3 patients with essential hyperten- 
sion and 3 with toxemia, by techniques preyi- 
ously described (3). Solution of procaine of 
0.2 per cent was injected into patients E.W. 
and I.M. and in the remainder complete 
motor paralysis of the upper and lower ex- 
tremities was induced by the use of 1 per cent 
procaine. The quantity of procaine injected 
was insufficient to interfere with the measure- 
ment of clearance of PAH. 


RESULTS 


Tables I, II, III, and IV list the 30 patients, 
the diagnoses, and the values for systolic and 
diastolic blood pressure, PAH clearance, man- 
nitol clearance, and total renal vascular resist- 
ance! before and after administration of the 
vasodepressor agent. All values referring to 
renal functions are the averages of 2 to 4 
measurements, each made over a period of 
10 to 15 minutes’ duration. 


1Total, afferent and efferent renal vascular resistances were 
calculated according to the formulas of Gomez. The validity of 
the application of these formulas to cases of hypertensive disease 
of pregnancy has been discussed elsewhere (1). 


TABLE IV.—ARFONAD 






































Blood pressure Renal plasma flow Glomerular filtration Renal vascular resistance, 
mm.Hg c.c./min./1.73m.2 rate, c.c./min./1.73m.? dynes. sec. cm.~§ 
Patient Diagnosis 

Before | After Before | After Before | After Before | After 

~ EW. Toxemia 188/110 | 170/128 520 | 427 125 120 11,400 | 14,700 
RB. Toxemia 153/103 | 143/100 560 | 420 104 | 79 8,800 | 11.800 - 
KA. Ess. hyp. 142/105 | 96/77 393 301 85 75 13,200 12,800 % 

~ LB. | Normot. x 100/58 1 108/66 045 a ' 107 82 | 101 3,100 | 2,900 

__ MMe. | Normot. a 121/81 | 93/67 613 w | 76 | 63 6,400 | 9,400 
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Fig. 1. Response of a patient with toxemia to adminis- 


tration of apresoline. 


A presoline. The administration of apreso- 
line produced a significant fall in both systolic 
and diastolic blood pressure in all 7 cases of 
abnormal pregnancy (Table I). Clearance of 
PAH was increased in 5 of the cases, little 
affected in a sixth case, and definitely dimin- 
ished in the seventh. Mannitol clearance was 
reduced in 4 cases and little changed in the 
other 3. More consistent was the effect of the 
drug on renal vascular resistance, calculation 
of which showed that a significant relaxation 
of renal vascular tone occurred in all instances 
with 1 exception. In this case (A.E.), despite 
a marked decrease in renal blood flow, renal 
vascular resistance did not increase. Neither 
normotensive patient showed any significant 
response to apresoline, with the exception of 
some diminution of mannitol clearance in pa- 
tient H.P. and vascular resistance in patient 
M.C. Figure 1 shows in greater detail the 
observations made on 1 of the toxemic pa- 
tients in whom the response to apresoline was 
fairly typical of the group. 


SURGERY, GYNECOLOGY AND OBSTETRICS 
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Fig. 2. Response of a patient with toxemia to adminis- 


tration of verenteral. 


Veratrum alkaloids. Verenteral produced 
a significant fall in the systolic and diastolic 
blood pressure of all 3 patients with toxemia 
(Table II). In 1 case (M.McG.), there was no 
significant change in renal blood flow and 
some relaxation of renal vascular resistance. 
The other 2 patients had significant reductions 
in renal blood flow, one with increase and the 
other with no change in renal resistance. 
Protoveratrine, on the other hand, appeared 
to have little or no effect on the blood pressure 
of the subjects with toxemia. IN-66 pro- 
duced a slight degree of vasodepression in the 
2 patients with toxemia but was ineffective in 
the 1 case of essential hypertension and in 2 
cases of normotensive pregnancy. Renal 
blood flow and glomerular filtration rate were 
either unaffected or somewhat reduced by all 
the veratrum alkaloids. In the majority of 
patients renal vascular resistance was in- 
creased. Figure 2 shows the response of 1 
patient with toxemia to the administration of 
verenteral. 
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Fig. 3. Response of a patient with toxemia to high spinal 
anesthesia. 


High spinal anesthesia. Table III shows 
that autonomic blockade with spinal anes- 
thesia was followed by a definite fall in blood 
pressure in 2 of the 6 cases (1 of toxemia and 
1 of hypertension). The remaining 4 patients 
showed insignificant changes. In all instances 
there was a marked reduction in renal blood 
flow, and renal vascular tone was, therefore, 
considerably increased. Five of the 6 cases 
showed a significant reduction in rate of 
glomerular filtration. Figure 3 shows the re- 
sponse of 1 of the patients with toxemia to 
high spinal anesthesia. 

Arfonad. Table IV shows that the re- 
sponse to arfonad was inconsistent. In 3 pa- 
tients (2 with toxemia and 1 with normoten- 
sive pregnancy), there was no significant de- 
pression of blood pressure, while in the 2 re- 
maining subjects a distinct hypotensive re- 
sponse occurred. All abnormal patients 


showed a fall in renal blood flow following its 
administration and renal vascular resistance, 
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Fig. 4. Response of a patient with toxemia to adminis- 
tration of arfonad. 


therefore, tended to increase. With the excep- 
tion of 1 case (in which there was also slight 
increase in renal blood flow) arfonad reduced 
the mannitol clearance in all cases in the 
group. Figure 4 shows the response of 1 of the 
patients with toxemia to the administration 
of arfonad. 


DISCUSSION 


The pharmacologic properties and modes of 
action of apresoline, veratrum, high spinal 
anesthesia, and arfonad in normal nonpreg- 
nant subjects and in pregnant patients with 
toxemia and hypertension have been dis- 
cussed in detail elsewhere. Table V sum- 
marizes some of the hemodynamic effects of 
these vasodepressor agents on normotensive 
nonpregnant, normotensive pregnant, hyper- 
tensive pregnant, and toxemic subjects. The 
table is based on studies made in these labora- 
tories with the exception of the observations 
of Reubi and of Smith and associates, on the 
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TABLE V.— EFFECTS OF VASODEPRESSOR AGENTS 
ON DIFFERENT GROUPS OF PATIENTS 


Blood | 
pres- 





Peri- Renal 
pheral Renal | vascu- 
resis- lar re- 
sist- 
ance 
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diac 


Vasode- 
pressor 
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patient 


sure joutput! tance | flow 





. [ . ! 
Apresoline | Normotensive, | | 
nonpregnant | j _ 
Normotensive, 
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Essential 
hypertension 














Toxemia 





+Little or no change 

—Significant fall 

— —Profound fall 

+Significant increase 
renal hemodynamic responses of normotensive 
nonpregnant subjects. 

Smith has drawn attention to the ‘“‘auton- 
omy”’ of the renal circulation in nonpregnant 
subjects and its freedom from the effects of 
vasodepressor agents. On the other hand, in 
normotensive pregnant subjects the renal cir- 
culation responds to profound lowering of the 
blood pressure following autonomic blockade 
by vasoconstriction. The mechanism of this 
response has been studied and the explanation 
offered that the renal ischemia occurring in 
these circumstances is probably the conse- 
quence of two factors: first, fall in blood pres- 
sure resulting from reduction in cardiac out- 
put, and second, vasoconstriction resulting 
from liberation of a pressor vasoconstrictor 
substance (possibly epinephrine). 


SURGERY, GYNECOLOGY AND OBSTETRICS 


The recently demonstrated ability of apres- 
oline to produce vasodilatation of the renal 
vessels consistently in nonpregnant subjects is 
a property unusual among vasodepressor 
agents. The production of hypotension and 
renal hyperemia by a therapeutic agent would 
seem to represent a desirable combination of 
effects in the treatment of the hypertensive 
states complicating pregnancy. The present 
findings indicate that apresoline is capable of 
uniformly reducing renal vascular resistance 
in pregnant patients with toxemia and essen- 
tial hypertension. This fact, coupled with its 
efficacy in lowering the blood pressure in pa- 
tients with these syndromes seems to make it 
a valuable adjunct to the agents already in use 
in the therapy of these conditions. 

The mode of action of apresoline is not yet 
clearly established. Evidence for its capacity 
to counteract circulating vasoconstrictor sub- 
stances is still controversial. However, it does 
appear to antagonize the action of pressor 
substances both of renal and neural origin and 
to increase cardiac output uniformly. These 
two properties would oppose the two factors 
(reduction in cardiac output and the action of 
a pressor humoral substance) considered re- 
sponsible for renal vasoconstriction following 
the induction of hypotension by vasodepressor 
agents and may afford an explanation for the 
renal hyperemia usually following the ad- 
ministration of apresoline. There is as yet no 
information concerning the possible action of 
apresoline directly on the renal blood vessels. 

Veratrum alkaloids have a time-honored 
place in the therapy of toxemia of pregnancy. 
They lower the blood pressure in most cases of 
toxemia of pregnancy and essential hyperten- 
sion and also the peripheral resistance, with- 
out significantly affecting cardiac output. 
Freis and associates found that the reduction 
in blood pressure following the administration 
of veratrum alkaloids to patients with essen- 
tial hypertension was accompanied by initial 
renal vasoconstriction, but after about 1 hour, 
renal blood flow tended to return to normal or 
supernormal levels even while hypotension 
persisted. Similar findings were reported by 
Meilman with protoveratrine. The present 
data indicate that there is a tendency for renal 
vascular resistance to increase following the 
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administration of a crude extract or of 2 pure 
alkaloids to pregnant patients with hyperten- 
sion, but, since observations were not ex- 
tended beyond 1 hour after drug administra- 
tion, information is not available on whether 
relaxation of renal vascular tone ultimately 
occurs. 

Neither the induction of high spinal anes- 
thesia nor the administration of arfonad ap- 
pear to be the vasodepressor agents of choice 
in the therapy of hypertensive states compli- 
cating pregnancy. The former is not effi- 
cacious as a hypotensive agent in patients 
with toxemia and the latter seems of question- 
able value in patients with essential hyperten- 
sion complicating pregnancy. 

When the diagnosis is in doubt, as it may 
well be in certain cases, neither would be the 
agent of choice. Apart from the drawbacks 
inherent in the use of spinal anesthesia as a 
routine therapeutic procedure, both arfonad 
and spinal anesthesia produce increased renal 
vascular tone whenever a hypotensive re- 
sponse is induced. 


SUMMARY AND CONCLUSIONS 


The response of the renal circulation to 
each of 4 vasodepressor agents was studied in 
17 patients with toxemia of pregnancy, 7 pa- 
tients with essential hypertension complicat- 
ing pregnancy, and 6 normotensive pregnant 
patients. 

2. Apresoline uniformly lowered the renal 
vascular resistance and blood pressure in 
cases of toxemia and essential hypertension. 

3. Veratrum compounds usually increased 
renal vascular tone although there was relaxa- 
tion of resistance in some cases. 
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4. Neither arfonad nor high spinal anes- 
thesia was effective in the lowering of renal 
vascular resistance. 

5. On the basis of its power to lower the 
blood pressure and to relax renal vascular 
tone in pregnant patients with toxemia or 
essential hypertension, apresoline appears to 
be an important addition to the armamenta- 
rium of drugs for the therapy of these two 
complications of pregnancy. 
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CARCINOMA OF THE BREAST 


Results, Evaluation of X-radiation, and Relation of Age and 


Surgical Castration to Length of Survival 


GEORGE V. SMITH, M.D., F.A.C.S., and OLIVE W. SMITH, Ph.D., 
Brookline, Massachusetts 


FFHAND it would hardly seem that 
further information concerning can- 
cer of the breast could any longer 
be gained from the study of clinical 

records and microscopic pathology. In the 
study herewith reported, however, another en- 
docrinologic aspect of the disease is intro- 
duced by the finding that a poorer prognosis 
is associated with the climacteric. Moreover, 
the evidence in this critical review supports 
the idea that longer survival may be achieved 
by prophylactic surgical castration. It also 
supplements the evidence of those who have 
found that x-radiation as a part of primary 
therapy lengthens survival. As a background 
for the analyses leading to these statements, 
treatment and results in this hospital’s series 
of cancer of the breast will be briefly sum- 
marized. 

The series. The cases of this series represent 
739 ward and private patients with previously 
untreated mammary cancer who came under 
the care of the staff of this hospital from 1905 
through 1946. They are consecutive and unse- 
lected. With the exception of those who were 
not operated upon, the diagnosis in every in- 
stance was made or confirmed by microscopic 
examination, as was the presence or absence 
of metastasis in the axillary nodes. All the 
tumors were graded 1, 2, or 3 according to in- 
creasing histologic degree of malignancy. 
Many of those which were removed before 
1925 were graded by Dr. Robert B. Green- 
ough, with whom one of us (G.V.S.) studied, 
and his criteria, with some modification, have 
been followed since. Every case is included in 
Tables I to III, which summarize the series 


From the Free Hospital for Women, Brookline, Massachusetts, 
and the Department of Gynecology, Harvard Medical School, 
Boston, Massachusetts. 


in four groups, namely, those from 1905 
through 1931, 1932 to 1936, 1937 to 1941, and 
1942 through 1946. The numbers of patients 
listed in the tables as alive include those with 
known recurrence, and the accompanying 
percentages are based on the total numbers 
seen or treated without allowance for those 
not operated upon, operative deaths, un- 
traceables, or deaths from other causes. Be- 
cause so relatively few patients have become 
untraceable and the 10, 15, and 20 year re- 
sults are tabulated, it was unnecessary to 
resort to a separate listing of the so-called 5 
year clinical cures. With reference to the 1942 
to 1946 group (Table III), 14 of the 85 women 
alive 5 years after operation were known to 
have persistent disease, leaving 71 women, 47 
per cent, apparently free of recurrence. Four 
of the 14 are considered to have been kept 
alive by diethylstilbestrol and testosterone. 
Actually, in this series 11 per cent of those 
clinically cured at 5 years were living with, or 
dead of recurrence at 10 years, 14 per cent of 
those apparently well at 10 years were alive 
with, or dead of the cancer at 15 years, and 
12 per cent of those “cured”’ at 15 years suc- 
cumbed later to the disease. 

As calculated from the tables, axillary me- 
tastasis was present in 62 per cent of the 
women represented in the 1905 to 1931 group. 
The percentages in each succeeding group 
were 61, 64, and 64, respectively. 

Since the purpose of composing Tables I to 
III was to give a condensed picture of this 
hospital’s overall experience with cancer of 
the breast, the 132 cases of simple mastecto- 
my were not disregarded. Seventy of the in- 
complete operations had been performed for 
the usual reasons of palliation. Diabetes, in 
1922, was the reason for 1 of the simple oper- 
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ations, the patient dying immediately of 
coma. In 13 instances the diagnosis of cancer 
was not made until after simple mastectomy. 
In these patients no cancerous mass had been 
palpable, the operation having been done for 
what proved to be Paget’s disease confined to 
the nipple and areola, for bloody discharge 
from the nipple, or chronic cystic mastitis. 
One patient is untraceable. Recurrence has 
not appeared in the other 12 cases during in- 
tervals of from 5 to 28 years. Advanced years 
and cardiovascular disease and, in 1 case, ac- 
tive pulmonary tuberculosis were the reasons 
for the remaining 48 simple mastectomies. It 
had been assumed that these women would 
die of other causes before their cancers should 
prove fatal. The assumption proved to be 
correct in 77 per cent of those patients who 
have since died, but not until enough of them 
had lived a sufficient time to make the results 
as shown in the tables better than would 
have been anticipated. 

X-radiation in conjunction with surgery. X- 
radiation as a part of primary treatment was 
started at this hospital in September, 1917. 
It was inadequate, according to present stand- 
ards, until after 1930. Neither before nor 
after 1930 was it prescribed with consistency. 
Some of the staff were influenced by the re- 
ports of those who had not been able to dem- 
onstrate benefit from it. Others believed that 
it should be employed routinely for any pos- 
sible salutary effect it might accomplish. In- 
spection of Tables I to III gives some impres- 
sion of lengthened survival from it, mostly 
after 1931 and among patients with axillary 
nodal metastases. The statistical analyses to be 
given strengthen this impression. In present- 
ing them we are fully aware of their limited 
import, especially in cancer of the breast, 
which is unique among malignant diseases in 
the great variability of its behavior. 

In all the analyses, from this point on, only 
patients known to be alive or dead of their 
breast cancers were considered. Thus for the 
5 year analysis, patients not operated upon, 
operative deaths, untraceable patients, and 
those dead of other causes were omitted as in- 
determinate. For the 10 and 15 year analyses, 
those who had become untraceable or had 
died of other causes in the interim were sub- 


tracted from the previous totals. Also omitted 
were 8 patients whose lives had apparently 
been prolonged by diethylstilbestrol and tes- 
tosterone, 1 becoming a 15 year survival in 
the 1932 to 1936 group, 3 becoming 10 year 
survivors in the 1937 to 1941 group, and 4 
who were 5 year survivors in the 1942 to 1946 
group. It was believed that by this means a 
more accurate evaluation could be made of 
the effect upon survival rates of x-radiation, 
age at operation, and primary castration. 
From September 1917 through the year 
1931, 26 per cent of the 89 patients with axil- 
lary metastases received x-ray treatment. Of 
the 59 patients with axillary metastases oper- 
ated upon from 1932 through 1936, 78 per 
cent received x-radiation. Of the former, 21.5 
per cent were alive at 5 years, of the latter 44 
per cent, a significant improvement (p =o.01).! 
Studies for known factors other than the in- 
creased use of better x-ray therapy which 
might have accounted for this sudden im- 
provement yielded negative results. The cases 
of the two groups were evenly distributed as 
to duration of symptoms, grade of malignan- 
cy, and age. Better surgical technique was 
not a factor, since the technique which is at 
present generally acceptable was employed in 
the entire series by Dr. William P. Graves, 
Dr. Frank A. Pemberton, and those who were 
either trained by them or received supple- 
mentary training from them. Since 1936 x- 
radiation has been given to over 85 per cent of 
the patients with axillary metastases, but 
with no further improvement, which again 
points to the increased use of better x-radia- 
tion as the important factor in the higher per- 
centages of 5 year survivals after 1931. 
Direct comparison of results in patients 
with axillary metastases treated and untreat- 
ed by x-rays (Table IV) showed significantly 
higher survival rates in the treated at 5 years 
(p =o.01) and possibly at 10 years (p =0.05). 
Eighty-nine per cent of the patients who had 
received x-ray therapy had been operated 
upon after 1931, but critical analysis revealed 
nothing but x-radiation to account for these 
better rates. In analyses similar to those just 
reported upon no evidence for any beneficial 


p= Probability that difference is due to chance variation; de- 
rived from critical ratio and Fisher’s table of t. 
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Fig. 1. Primary x-ray treatment as related to survival. 
Results in grade 3 compared with those in grade 2 cancer. 
Radical mastectomy: all follow-ups 1917 through 1946. 
Statistically significant differences, with versus without 
x-ray: Grade 2 malignancy, nodes positive or negative: 
none. Grade 3 malignancy, nodes positive: at 5 years 
(p= <o.01); at 15 years (p=0.05). 


effect of x-ray therapy in patients without 
axillary metastases could be found. 

Survival of patients with grade 3 tumors com- 
pared with that of patients with grade 2 tumors 
in relation to x-ray therapy. This study (Fig. 1) 
was undertaken because Graves, reporting on 
the present series through 1934, found some 
indication that x-ray treatment benefited pa- 
tients with grade 3 cancers without axillary 
metastases. Only the cases of women oper- 
ated upon since September 1, 1917, when x- 
ray treatment was started, were included. 
Among patients with grade 2 cancers, both 
with and without axillary metastases, there 
was no significant difference in the survival 
rates at 5, 10, and 15 years between those who 
had received x-radiation and those who had 
not. Among the patients with grade 3 cancers, 
on the other hand, the higher survival rate at 
5 years of those with axillary metastases who 


had had x-ray therapy was significant 
(p = <o.o1) and of possible significance at 15 
years (p=o0.05). Of the women with grade 3 
cancers without axillary metastases the num- 
ber who had received no irradiation was too 
small to warrant a comparison of significance, 
although the apparent difference in favor of 
the treated patients was larger than among 
those with axillary metastases. The compari- 
sons just given, and graphed in Figure 1, 
would seem to be valid, since the cases of 
grade 3 and grade 2 tumors were evenly dis- 
tributed as to duration of symptoms, age at 
operation, and date of operation; and in both 
groups approximately 70 per cent of those 
who had received x-radiation had been treated 
after 1931. Thus it appears that primary x- 
radiation is effective only in patients with 
cancers of high histologic malignancy, whether 
or not the axillary nodes are involved. 
Harrington, from his analysis of the results 
of radical mastectomy at the Mayo Clinic, 
concluded that primary x-radiation had not 
been of any definite advantage in patients 
with negative nodes. Our own studies point 
to the same conclusion. The data in Figure 1, 
however, suggest that this may not be true in 
those cases of grade 3 tumors and negative 
nodes. It seems quite possible that the evi- 
dence presented above for a beneficial effect of 
x-radiation in patients with axillary metas- 
tases and the failure to find such evidence in 
those with negative nodes may be explained 
by the presence of grade 3 tumors in 52 per 
cent of the former and in only 28 per cent of 
the latter. Since the histologic differentiation 
between grade 2 and grade 3 cancers, however, 
is not sharp, it is probably wiser to administer 
x-radiation to all patients with axillary metas- 
tases. Furthermore, on the basis of the sug- 
gestive information given, it would seem 
worth while to prescribe irradiation for those 
without axillary metastases if they harbored 
fairly unequivocal grade 3 tumors. Since ir- 
radiation is universally accepted as of some 
valué in the treatment of inoperable, recur- 
rent, and metastatic cancer of the breast, it 
reasonably may be expected to be of some 
use, in some patients, as part of primary 
treatment, against metastases which may be 
present in supraclavicular and internal mam- 
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mary nodes as well as residual tumor in the 
area of operation. 

Relation between age at operation and length 
of survival. Since any relationship between 
age at operation and length of survival might 
be associated with changes in ovarian func- 
tion, it was decided to omit from this part of 
the study all cases of surgical or radiation cas- 
tration performed before there was any indica- 
tion of recurrent cancer, that is, prophylactic 
castration. The total number of these cases is 
made up of ror patients castrated either be- 
fore the development of cancer of the breast, 
at the time of mastectomy, or before residual 
disease made itself known. The remaining 
cases were divided into 8 groups: those under 
35 years of age, 35 to 39, 40 to 44, and so on, 
through 64, and finally those 65 and over. 
The survival rates in these groups were com- 
pared as shown in Figures 2 and 3. After 
radical mastectomy (Fig. 2), whether the axil- 
lary nodes were positive or negative, the low- 
est survival rates were among patients who 
had been in the climacteric age groups, that 
is, 40 to 60, at the time of operation. No dif- 
ferences in the distribution of these cases 
among variables other than age which might 
have explained the results could be found. 
Each group was analyzed at 5 and 10 years in 
relation to duration of symptoms, grade of 
malignancy, primary x-ray therapy, and date 
of operation. 

In Figure 3 are plotted age groups and per- 
centages of survival among the women who 
had had simple mastectomy. The small num- 
ber of patients under 60 upon whom this oper- 
ation had been performed is hardly a basis for 
comparison, but again the poorest results were 
related to the climacteric. When the figures 
for the various age groups were combined 
without regard for the type of operation or 
the presence or absence of axillary metastases 
(Fig. 3), the percentages of survivors among 
patients between 40 and 60 at the time of 
surgery were significantly lower both at the 5 
and 1o year interval than among those who 
had been under 4o or over 59. This finding of 
an association between the climacteric and 
lower percentages of survival has been indi- 
cated in some reports. MacDonald, in his 
review of 2,636 cases in the archives of the 
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American College of Surgeons, stated that the 
least favorable results were in the decade from 
50 to 60. Although Harrington found no es- 
pecial age incidence of better or worse results, 
the highest percentage of axillary nodal me- 
tastasis in his series was in patients 50 to 59 
years old. In the series studied by Richards, 
the lowest percentages of survival were among 
women 51 to 60 and those over 71 at the time 
of treatment. 

Two interesting phenomena are depicted in 
Figures 2 and 3. One is the longer survival of 
women under 40, which was unexpected be- 
cause of the usual reports to the contrary. 
The other is the precipitous drop, after the 
tenth postoperative year, in the survival rates 
of women who had been 60 years of age and 
over at operation. Since, as previously stated, 
only living patients and those dead of their 
breast cancers are covered in the graphs, the 
question of how to explain these delayed 
deaths from the disease arises. Were they due 
to the culmination of slow growth or to the 
development in elderly women of some factor 
which rather suddenly speeds up growth of the 
cancer? 

Relation between prophylactic surgical cas- 
tration and length of survival. Sixty patients 
whose ovaries had been removed either before 
their mammary cancers developed or at the 
time of mastectomy or before recurrence ap- 
peared were considered to have been prophy- 
lactically castrated. There were only 4 in the 
latter category, their ovaries having been re- 
moved within 2 years of mastectomy. In- 
cluded in the group are 11 women who had 
passed the menopause before the ablation of 
their ovaries. These were included because of 
the high incidence of ovarian activity in the 
form of cortical stromal hyperplasia reported 
by Sommers and Teloh in cases of postmeno- 
pausal mammary cancer. The presence of 
ovarian stromal hyperplasia implies continued 
secretion of estrogen. They found an incidence 
of 80 to 88 per cent of stromal hyperplasia in 
women dead of their breast cancers between 
the ages of 50 and go. The incidence of ovarian 
stromal hyperplasia in those of the present 
group who had been surgically castrated after 
the menopause and between the ages of 48 and 
69 was gI per cent. 
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Fig. 2. Age at operation as related to survival after radi- 
cal mastectomy. All follow-ups (except radiation and surgi- 
cal castrates) 1905 through 1946. Statistically significant 
differences. With axillary metastases: at 5 years aged under 
50 versus 50 to 59 (p=0.02) and aged 50 to 59 versus 60 or 
over (p=o0.01); at 10 years, aged under 45 versus 45 to 
59 (p=0.02) and aged 45 to 59 versus 60 or over (p=o.01). 
Without axillary metastases: at 5 yrs., aged under 40 versus 
45 to 54 (p=o.05); at 10 years, aged 4o to 54 versus all 
other ages (p=o.o1) and aged 40 to 54 versus 60 or over 
(p=o0.02); at 15 yrs., aged 40 to 54 versus all other ages 
(p=0.05). 


In Figure 4 are depicted the comparisons of 
the percentages of survivals in the surgical 
castrates with the rest of the series. Jn the 
graph the comparisons are made in three di- 
visions; radical mastectomy with positive 
nodes, radical mastectomy with negative 
nodes, and all cases, both radical and simple 
mastectomy. Jn each division the higher 
rates of survival were among the castrates, the 
most striking and statistically significant dif- 
ferences being in those with axillary metas- 
tases and the combined group. The differences 
were not significant in those patients with 
negative nodes. There were no irregularities in 
the distribution of patients as regards to age, 
duration of symptoms, x-ray therapy, and 
grade of malignancy which might have ac- 
counted for these findings. In the analyses 
with reference to age, moreover, the difference 
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Fig. 3. Age at operation as related to survival. All follow- 
ups (except radiation and surgical castrates) 1905 through 
1946. Statistically significant differences. Simple mastec- 
tomy: none. All cases: at 5 years, aged under 40 versus 40 
to 59 (p=o.o1) and aged 40 to 59 versus 60 or over 
(p= <o.o1); at 10 years, aged under 4o versus 40 to 59 
(p= <o.o1) and aged 40 to 59 versus 60 or over (p= <0.01); 
at 15 years, aged under 40 versus 40 to 59 (p=o.05). 


of the highest significance was between the 
castrates aged 50 through 59 and the uncas- 
trated controls of the same ages. 

Very little has been reported on the results 
of the treatment of mammary cancer in pa- 
tients without ovaries. Actually the only 5 
year results are those of Horsley. Ten, 77 per 
cent, of 13 such patients were alive at the 5 
year interval. How many of these had had 
axillary nodal metastases was not stated. 

Relation between prophylactic irradiation of 
the ovaries and length of survival. Radiation 
sterilization had been performed prophylac- 
tically, as already defined for the surgical cas- 
trates, upon 41 patients of the series. These 
cases were worked over in the same manner as 
the cases of ovarian ablation. The only sug- 
gestive findings concerned 20 radical mastec- 
tomy-positive node cases. In these the 4o per 
cent of 5 year salvage was better, but not 
significantly, so, than the 31 per cent in the 
controls and considerably inferior to the 74 
per cent in the 23 surgical castrates (Fig. 4), 
this comparison being of possible statistical 
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significance (p=o.05). At 10 and 15 years 
after mastectomy, however, the survival rates 
were the same as in the surgical group. So 
few cases do not permit a valid conclusion. 
It can only be suggested that the surgical 
method is better. Nathanson and Kelley, in 
referring to therapeutic castration in women 
with advanced primary, recurrent, or distant 
metastatic breast cancer, stated that ovariec- 
tomy is preferable if a rapid clinical effect is 
desirable. 

There have been no reports dealing specifi- 
cally with the results of prophylactic ovarian 
irradiation. Adair and associates, in their study 
of therapeutic castration, included a few such 
cases with outcomes which were better than 
expected. 


DISCUSSION 


From these analyses two aspects concerned 
with the growth of mammary cancer are in- 
dicated: one, that lower percentages of sur- 
vival pertain in women with their ovaries; the 
other, that the percentages are still lower 
during the 5 to 10 years before and after the 
menopause. The first aspect is not new, since 
for decades ovariectomy and ovarian irradia- 
tion have been known for their palliative and 
life-prolonging effects in a limited percentage 
of patients with advanced disease. The asso- 
ciation between reduced percentages of sur- 
vival and the climacteric is a new observation 
which suggests that changes referable to the 
physiologic involution of the ovaries augment 
the clinical malignancy of mammary cancer 
still further. Parenthetically and consistent 
with this thought is the still greater augmen- 
tation in relation to placental involution. 

A plausible explanation of these observa- 
tions is that: (1) before the climacteric the 
effect of estrogen is interrupted monthly by 
the change of its metabolism and the tempo- 
rary reduction of its secretion, due to the cyclic 
production of progesterone (In those instances 
of overwhelmingly rapid growth in younger 
women, a deficiency of progesterone may be 
involved.); (2) during the climacteric its ef- 
fect is at first less completely interrupted 
periodically and then not interrupted at all 
because of deficient secretion and then ab- 
sence of progesterone; and (3) in older women 
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Fig. 4. Prophylactic surgical castration as related to 
survival. All follow-ups (except radiation castrates) 1905 
through 1946. Statistically significant differences, cas- 
trates versus patients with ovaries. Radical mastectomy, 
nodes positive: at 5 years (p= <o.o1); at 10 and 15 years 
(p=o0.05). Radical mastectomy, nodes negative: none. 
All cases, at 5 and 10 years (p= <o.o1); at 15 years 
(p=o.02). 


its effect continues, even though minimal, be- 
cause of its continued elaboration as indicated 
by ovarian stromal hyperplasia. Of course 
the hypophysis must be directly and retro- 
actively involved in these processes. Probably 
the retroactive influences on the hypophysis 
of secreted estrogen and its metabolites are 
more important in the stimulation of mam- 
mary cancer than estrogen itself. 

The improved percentages of survival 
among the patients of this series who had had 
prophylactic ovariectomy (Fig. 4) were found 
not only in the premenopausal group, thus 
confirming Horsley’s rationale and results, 
but also in the postmenopausal group. They 
are high enough to indicate that the procedure 
deserves more extensive trial in women up to 
70 years of age with axillary metastases if 
they can be persuaded to undergo a second 
major operation, the amount of benefit from 
which in the individual case is as yet unpre- 
dictable. If, however, the growth of a given 
cancer of the breast should be amenable to 
retardation by the removal of ovarian stimula- 
tion, it would seem that the earlier ovariec- 
tomy be performed the longer would be sur- 
vival. The alternative when surgical castra- 
tion is refused or contraindicated is adequate 











516 


ovarian irradiation, since there is some evi- 
dence in our figures and in the study by Adair 
and associates that this is of value as a 
primary procedure in conjunction with sur- 
gery in patients with axillary metastases. 

As already stated, we are hesitant about 
placing much confidence in statistical analyses 
in the study of mammary cancer. They are 
given as suggestive but by no means con- 
clusive evidence in favor of the findings. 


SUMMARY 


Treatments and 5 to 20 year outcomes in a 
40 year series of 739 consecutive, unselected 
women with cancer of the breast were tabu- 
lated to give a background for critical analyses 
concerning the relationship of primary x-ray 
therapy, age at the time of operation, and 
prophylactic castration to the length of sur- 
vival. According to these analyses: 

1. Primary x-ray treatment in conjunction 
with surgery had prolonged life among pa- 
tients with axillary metastases. From a sepa- 
rate study of the cases of grade 2 and grade 3 
cancers, evidence was obtained that x-radia- 
tion had been salutary only in patients with 
grade 3 tumors. Jn this group, moreover, the 
higher rates of survival were found not only 
among those with positive nodes but also 
among those with negative nodes. 

2. The lowest percentages of survivors 
were among women between the ages of 4o 
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and 60, that is, during the premenopausal and 
postmenopausal climacteric. 

3. Prophylactic ovariectomy had prolonged 
life not only in women under 4o and over 59 
years old but more so in those 40 to 59 years 
of age. 

4. There was some evidence of lengthened 
survival from proplylactic x-radiation of the 
ovaries. 
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IS GASTRIC ULCER DUE TO 
HYPERFUNCTION OR DYS- 
FUNCTION OF THE 
GASTRIC ANTRUM? 


HE CONSTRUCTION of a hy- 

pothesis is often an aid in the order- 

ly development of experimentation 
and in the interpretation of experience. It 
is permissible to entertain a hypothesis, but 
not to be entertained by it. When it has served 
its purpose, or has been proved untenable by 
facts it must be discarded. In contemplating 
the problem of peptic ulcer, I am persuaded 
that an increase in the corrosive properties of 
the gastric content as a result of hypersecre- 
tion, rather than a local decrease in resistance, 
is the major factor in most patients. In duo- 
denal and gastrojejunal ulcers this hypersecre- 
tion is of nervous origin and is due to abnormal 
and excessive activity of the secretory and mo- 
tor fibers in the vagus nerves, in some way oc- 
casioned by the tensions and strain of modern 
life. In gastric ulcer a hypersecretion is pres- 
ent due to dysfunction or hyperfunction of the 
gastric antrum, resulting in excessive and pro- 


longed liberation of the gastric secretory hor- 
mone, gastrin. If correct, these hypotheses 
would have practical value in suggesting that 
division of the vagus nerves be done for duo- 
denal ulcer, and excision of the gastric antrum 
for gastric ulcer. 

The recent discovery in our laboratory that 
a hypersecretion of gastric juice with ulcer 
formation can be produced in dogs by trans- 
planting the antrum of the stomach into the 
transverse colon as a diverticulum provides 
experimental support for the view that antrum 
hyperfunction can occur. In its new location in 
the colon, the transplanted antrum has obvi- 
ously become excessively active in releasing 
the gastric secretory stimulating hormone, 
gastrin, since the hypersecretion is exhibited 
by the vagus denervated Heidenhain pouch, as 
well as the intact stomach. The factors that 
bring about this hyperfunction or dysfunction 
in the transplanted antrum are still unknown. 
Contact of the antrum mucosa with food or 
the primary products of digestion appears not 
to be the factor, since these are largely absent 
from the colon contents as a result of digestion 
and absorption. The very high bacterial con- 
tent of the colon is not an important factor 
since the hypersecretion continued even when 
the bacterial content of the intestines was 
largely eliminated by the use of antibiotic 
drugs. Diversion of the fecal stream from the 
colon containing the antrum transplant elim- 
inated the hypersecretion, thus indicating that 
the passage of the fecal stream was essential 
in the stimulation. Obstruction at the distal 
end of the isolated colon containing the an- 
trum transplant caused vigorous hypersecre- 
tion, which continued as long as the obstruc- 
tion was present, and even though the fecal 


517 











518 


stream had been diverted. It is thus evident 
that hypermotility associated with obstruc- 
tion is a potent stimulus for antrum function, 
even in the absence of chemical contact with 
food substances. 

In our early employment of gastric vagot- 
omy in the treatment of duodenal ulcer, a 
series of approximately 150 patients with this 
disease were operated upon by vagotomy 
alone without an accompanying drainage pro- 
cedure. It was appreciated, of course, that 
gastroenterostomy had a therapeutic effect in 
duodenal ulcer, so that operations of this type 
could not be done along with vagotomy if the 
therapeutic possibilities of the latter procedure 
were to be determined. In this group of pa- 
tients I have been impressed by the finding 
that in 7 patients, gastric ulcers developed at 
varying intervals of months or years after the 
original vagotomy. The vagotomy was com- 
plete, as evidenced by a persistently negative 
response to insulin hypoglycemia, and by a re- 
duction in the fasting night secretion to nor- 
mal or subnormal levels. In each case the orig- 
inal duodenal ulcer was entirely healed, pro- 
ducing more or less marked pyloric stenosis 
with retention. It seems probable that this 
pyloric obstruction with retention of food may 
have been a factor in the development of these 
gastric ulcers, since this complication has not 
been seen in a larger series of 650 duodenal ul- 
cers treated by vagotomy and gastroenteros- 
tomy. A gastroenterostomy located near the 
pyloric antrum appears to have been effective 
in preventing a subsequent development of 
gastric ulcers in these patients. A gastro- 
enterostomy situated near the antrum of the 
stomach might affect gastric secretion by de- 
creasing both the stasis of food in the stomach, 
and the hypermotility associated with pyloric 
stenosis. 

Some evidence from clinical observation is 
in harmony with the view that gastric ulcers 
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may be due to antrum hyperfunction. Thus it 
has been observed that excision of the gastric 
antrum (the Madlener operation) or even a 
gastroenterostomy is often effective in causing 
the healing of juxtaesophageal ulcers. In the 
one case the function of the antrum is entirely 
removed, and in the other excessive activity 
through stasis or hypermotility is prevented. 
Excision of the antrum in patients with duo- 
denal ulcer, where the cause of the hypersecre- 
tion is nervous, is followed by a high incidence 
of gastrojejunal ulcer, whereas this rarely oc- 
curs following excision of the antrum in gastric 
ulcer patients. 

Many writers have commented upon char- 
acteristic differences between gastric and duo- 
denal ulcers. Thus the age of maximum in- 
cidence for duodenal ulcers has been placed at 
about 30 years, and for gastric ulcers approxi- 
mately ro years later. In duodenal ulcers males 
predominate by a ratio of 6 to 1 in our series, 
whereas gastric ulcers are approximately equal 
in the sexes. Stigmata of nervous tension are 
frequently present in duodenal ulcer patients, 
but not in those with gastric ulcer. The secre- 
tion of gastric juice in the empty stomach at 
night in duodenal ulcer patients is usually 
from 3 to 20 times greater than that found in 
normal individuals. In gastric ulcer patients 
the fasting secretion is within normal limits or 
even reduced. 

The continuous or fasting secretion of gastric 
juice in both men and animals is largely nerv- 
ous in origin. Thus, the hypersecretion asso- 
ciated with duodenal ulcer is reduced below 
the normal level by complete vagotomy, and 
so also is the fasting gastric secretion of pa- 
tients with gastric ulcer, biliary dyskinesia, 
and recurrent pancreatitis. We have repeat- 
edly observed in our laboratory that animals 
provided with vagus innervated isolated stom- 
ach pouches regularly secrete large volumes 
of gastric juice during fasting, whereas Heid- 
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enhain pouches and total stomach pouches to 
which the vagus nerves have been severed are 
often entirely quiescent. It is thus probable 
that the vagus secretory mechanism is hyper- 
active in duodenal ulcer patients, and mani- 
fests itself in an excessive fasting secretion, 
whereas it is within normal limits in’ patients 
with gastric ulcer. We do not have enough 
direct evidence that a hypersecretion of an- 
trum origin exists in all gastric ulcer patients. 
Test methods must be developed to stimulate 
the antrum and make quantitative collections 
of gastric juice for a measured interval of time. 
A comparison of these findings with those se- 
cured in normal patients would help in solv- 
ing this problem. LesTER R. DRAGSTEDT. 


IDEALS AND SURGICAL 
RESIDENCY TRAINING 


N SPITE of the fact that surgical resi- 
dencies were established as a training 
medium before the turn of the present 

century, the transition from apprenticeship 
or self-training to an orderly program of 
progression in surgical training sometimes 
seems painfully slow. Boards have been estab- 
lished which recognize the results of graduate 
training and indirectly place their stamp of ap- 
proval upon systems of training. Within a span 
of 60 years, the number of surgical residencies 
has increased in the United States from a bare 
handful to 2,573 general surgical residencies 
accredited for 4 years of training. We have 
embraced the principle of the surgical resi- 
dency as the best mechanism for surgical 
teaching, but from many sources comes the 
impression that our efforts are falling short of 
the mark. 

What do we attempt to give the embryo 
surgeon in the course of his training? Varied 

1This figure is exclusive of 1,545 residencies offering partial 


training in general surgery, and 2,684 offering training in the 
various surgical specialties. (J. Am. M. Ass., 1952, 150: 301-303.) 
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answers to this question are forthcoming. Per- 
haps the requirements may be stated some- 
what as follows: to ensure that the trainee 
possesses a reasonable competence in the basic 
disciplines of medicine, thorough familiarity 
with adequate history taking and examination, 
fair diagnostic acumen, recognition of the pa- 
tient as an individual (not as “the gastrec- 
tomy in bed 4”), safe technical competence at 
the operating table, discriminating judgment 
of clinical problems, thorough grounding in 
preoperative and postoperative management, 
understanding of the relationship of surgery to 
general medicine and other special fields of 
practice, some firsthand knowledge of experi- 
mental methods, ability to accept responsibil- 
ity, capacity to organize the service and parti- 
cipate in teaching, and a sound code of moral 
and ethical behavior. 

Some of the conditions which make these 
ideals difficult of attainment are: (1) lack of 
organization of the teaching program; (2) too 
few staff service beds to provide adequate 
training material; (3) poor integration of 
private and staff teaching services, where the 
pressure to provide beds for private patients 
tends to crowd out teaching services cases, and 
where many staff surgeons lack the ability and 
imagination to provide inspiring leadership to 
the younger men; (4) inroads of the specialty 
services; (5) lack of a sufficient number of in- 
terns to provide a well balanced service. 

It must be freely admitted that few hospi- 
tals are so fortunately situated as to be able 
to satisfy our highest ideals for surgical train- 
ing. It must also be admitted that without 
dedication to the correct principles a success- 
ful program cannot be achieved. We must, 
therefore, make our first tenet acceptance by 
the hospital staff and administration of the 
principle that the training program is to be 
geared to the trainee and that service to the 
staff and the hospital is secondary. This 
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philosophy must be accepted if exploitation of 
residents is to be avoided. Not that training 
and service are incompatible; quite contrari- 
wise they are actually complementary. The 
resident who is receiving an excellent training 
becomes a loyal and conscientious member of 
the team, while his contemporary whose days 
are so filled with retractor-holding, record- 
making, and routine care that he has no time 
to think is a doubtful asset to any institution. 
Furthermore, unless the principle is embraced 
by all who have a part in the program, con- 
flicts are inevitable. 

In large university hospitals the training 
problems are likely to be minimal, but the 
number of training programs that they are 
able to offer are limited. The majority of 
young surgeons will have to be trained in 
private hospitals and clinics. 

At one extreme we may find the busy pri- 
vate hospital wherein the surgical resident is 
a small cog in a large machine for carrying out 
the necessary surgical work. At the other ex- 
treme is the full time teaching service wherein 
the resident is given so much autonomy by his 
chiefs, preoccupied with research and admin- 
istration, that his errors may be perpetuated 
by oncoming generations of assistant resi- 
dents. Somewhere between these extremes lies 
the satisfactory program. 

The other side of the picture is what it costs 
the hospital and its staff to maintain an ade- 
quate training program in surgery. The day 
when the hospital depended upon the resident 
as a cheap source of service is passing, and the 
sooner it passes the better. Instead, the mod- 
ern hospital assumes the cost of maintenance, 
subsidizes the candidates basic science courses, 
pays the resident remuneration of sorts, pro- 
vides libraries, recreational facilities, insur- 
ance coverage, loan funds, and often partially 
subsidizes members of the staff to guide and 
maintain the teaching program. These items 
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often represent out of pocket expense for the 
hospital of between 15,000 and 20,000 dollars 
for each 4 year resident in training, an amount 
which is difficult to assess against patient cost, 
and even more difficult to obtain from endow- 
ment or other sources of income. In return for 
this outlay the hospital receives the part time 
service of the resident and the satisfaction of 
knowing that by this means good surgical care 
is being ensured for coming generations of the 
public. 

Equally significant is the contribution of the 
surgical staff to the program. Few surgeons 
who have played an active part in hospital 
training programs will minimize the effort and 
time involved in its successful pursuit. Daily 
teaching ward rounds (for which there is no 
substitute!) , frequent formal conferences, serv- 
ice meetings, journal reviews, death confer- 
ences, tissue reviews, and hours in the operat- 
ing rooms and laboratories take their toll of 
the staff surgeon’s time. Planning and direct- 
ing the program is at least a half time job for 
one or two staff members and requires a lesser 
amount of time from at least a dozen others. 
Particularly difficult is the role of co-ordinat- 
ing the programs of specialty training with 
that of the parent field of general surgery. In 
many teaching and a few private hospitals di- 
rectors of training programs are partially sub- 
sidized by the hospital, but the major effort is 
borne by the voluntary services of the staff 
surgeons. It is a conservative estimate that 
the value of time contributed by these sur- 
geons per resident year is in the neighborhood 
of 20,000 dollars, in any hospital which oper- 
ates an adequate training program. 

What is the contribution of the resident to 
this picture? He applies years of his life, when 
his contemporaries in other fields of endeavor 
are enjoying a comfortable income. He usu- 
ally maintains a family on borrowed funds and 
mortgages his future to achieve competence in 





EDITORIALS 


his chosen field. Although stipends for resi- 
dents have been increased gradually, practi- 
cally nowhere are they paid what might be 
termed a “‘living wage’ during their training 
period. As have all of his elders before him, 
the surgical resident makes significant per- 
sonal sacrifices to gain competence as a sur- 
geon. It is reasonable to assume, for instance, 
that if he had entered general practice his in- 
come would probably have been at least 7,500 
dollars more per year than it is as a surgical 
resident. 

As one assesses the cost of training the 
young surgeon under the resident system and 
the many difficulties presented by the pro- 
gram, he is wont to ask, “Is it worth what it 
costs?” The answer rests with the thousands 
of capable surgeons who are practicing in cities 
and towns throughout the continent, and the 
surgical teachers who have grown up with the 
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system. The answer also rests with the partly 
trained surgeons in certain areas who are fol- 
lowed by the unsavory trail of unnecessary 
surgery, “ghost” surgery, and fee splitting. 
The answer is also found in better patient care 
and greater community service rendered by 
the hospital which features such a program. 
The cost is great but the return to the com- 
munity is greater. We are impelled to greater 
effort, in turn, to make certain that the sacri- 
fices of the young surgeons, the hospitals, and 
the older surgeons may not be in vain, and 
that the training programs we foster are in 
every sense adequate. 

The responsibility rests with us to develop 
and support only the best training programs 
for surgeons, to give unselfishly of time and 
experience, to guard jealously the ethical ten- 
ets and the sound surgical principles practiced. 

DoNALD M. GLOVER. 





THE SURGEON AT WORK 


A REFRIGERATOR UNIT FOR USE IN CASES OF IN- 
FECTED EXTREMITIES PRIOR TO OPERATION 


LEO R. RADIGAN, M.D., and HARRIS B. SHUMACKER, JR., M.D.. 


Indianapolis, Indiana 


HE USEFULNESS of local refrigera- 

tion prior to amputation in cases in 

which infection is present has been well 

established by clinical experience. This 
procedure brings the infection rapidly under con- 
trol and prevents its spread. It effectively elimi- 
nates any existent pain. It constitutes, in effect, a 
nonoperative physiologic amputation of the af- 
fected foot or hand before definitive proximal 
amputation is carried out. 

In the past we have employed a wet ice 
technique. The foot was encased in a small plastic 
boot over which was placed a larger plastic boot 
with a drawstring which could be tightened about 
the ankle. An opening in the toe portion of the 
outer boot which could be closed with a draw- 
string permitted introduction of ice. A tube con- 
nected with the dependent portion of the boot 
permitted water to drain into a receptacle under 
the bed. Though this device accomplished its 
primary objective, its use was associated with 
certain definite disadvantages. 

The initial pain of cooling was often aggravated 
by the weight of the ice on the foot or hand. In 
spite of efforts to make the boot watertight and 
to provide for drainage of melted water, leakage 
onto the bed generally occurred. Furthermore, 
water tended to condense on the outer surface of 
the boot and to drip onto the bed. This wetting of 
the bed was annoying to the patient, required 
frequent change of bed clothes, and sometimes 
brought about a threat of maceration to the 
proximal portion of the affected limb or to the 
contralateral extremity. It was necessary to 
watch the patient carefully in order to prevent 
the leg from slipping down into the boot and in 
order to make certain the foot was continuously 
surrounded by ice. Additional ice had to be added 
as melting occurred. Altogether, proper manage- 
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ment with this method of local cooling required an 
exorbitant amount of nursing time. 

For these reasons it seemed desirable to develop 
a portable refrigerator unit which could be used 
for this purpose. A satisfactory apparatus has 
been devised and put to clinical trial (Fig. 1). It 
consists of an electrically operated refrigeration 
unit mounted within a small, portable soundproof 
cabinet which is placed under the patient’s bed. 
An insulated tubing leads to a small freezing unit 
which rests on the bed and into which the affected 
foot or hand is placed. This unit weighs less than 
20 pounds. A thermometer is mounted upon it. 
Attached to the refrigerator is an automatic relay 
device for maintaining constant temperature and 
an easily adjusted control for selection of any de- 
sired temperature. A heavy felt pad closes about 
the ankle or wrist the small opening into the unit 
through which the foot or hand is introduced. 

This apparatus has been used with excellent re- 
sults. It has proved generally satisfactory to set 
the temperature initially at o degrees Fahrenheit 
for the first few hours until loss of sensation in 
the foot or hand has occurred. Then the adjust- 
ment is changed to a temperature of from 25 to 
30 degrees Fahrenheit, where it isusually maintain- 
ed for a period of several days. The patients are 
comfortable, have considerable freedom of move- 
ment about in bed, and present no nursing prob- 
lem at all. ; 

If the refrigerating unit is kept at too low a 
temperature, cooling of the limb extends proximal- 
ly up into the leg. In order to study this problem 
and to select suitable maintenance temperatures, 
a number of patients were studied by recording 
continuously the skin temperature with a multi- 
lead thermocouple. Electrodes were placed from 
the ankle to the midthigh at intervals of approxi- 
mately 2 inches. The results were rather uniform 
and are illustrated in Figure 2, in which are re- 
corded data obtained from 1 patient. It is 
evident that over this period of several hours the 
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Fig. 1. Photograph of the refrigerator unit while in 
operation. 


distal portion of the leg nearest the refrigerator 
became quite cold, though not uncomfortable, 
while the mid portion and proximal portion of 
the leg were maintained at relatively normal 
temperatures. 

A tourniquet can be placed about the ankle or 
wrist shortly after numbness of the foot or hand 
has occurred or a tourniquet need not be used 
until the patient is ready for transportation to the 


operating room. Then, the tourniquet is placed 
tightly about the ankle or wrist, the foot or hand 
removed from the refrigerator unit, and the 
patient taken to the operating room for surgery. 
The unit itself can be cleaned in any desired 
manner since the inner liner is constructed of non- 
corrosive metal and is water sealed. 


DISCUSSION 


We have not employed local cooling in an ef- 
fort to save ischemic extremities. Benefits from 
such treatment would be obtained only if the 
resultant reduction in tissue and metabolic re- 
quirements were greater than the reduction of 
circulation which accompanies cooling, and thus 
far there is no convincing evidence that such is 
the case. Observation of a number of patients 
treated by others has convinced us that they have 
not been benefited and have sometimes obviously 
been harmed. We have also refrained from the 
use of refrigeration anesthesia for amputation. 
Instead, we have ordinarily employed low and 
essentially unilateral spinal anesthesia, a method 
which has proved safe and eminently satisfactory. 
Use of this type of anesthesia permits one to 
operate through an area having maximal vaso- 
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Fig. 2. The graph represents the recordings of a multi- 
lead thermocouple from a typical patient during operation 
of the refrigeration unit. During a period of several hours 
the skin temperature recorded at the ankle was o degrees as 
represented by the markings along the extreme left border, 
whereas the remainder of the limb maintained relatively 
normal skin temperatures. 


dilatation instead of cold-induced vasoconstric- 
tion, and to choose the lowest level consistent 
with the circulatory status of the limb and the 
most desirable stump length from the prosthetic 
and functional point of view. We have, however, 
been very favorably impressed with the value of 
local refrigeration before carrying out amputa- 
tion in those cases in which infection of the foot 
or hand is present. 

As has been mentioned beforehand, such local 
refrigeration seems to bring the infectious process 
to an immediate standstill and to prevent its 
spread. In patients with diabetes, the diabetes 
itself can thus be brought readily under control. 
When pain is present, it is relieved dramatically. 
Throughout a number of years, we have gained 
the impression that difficulties with the healing of 
the amputation stump have been minimized by 
the preliminary use of local refrigeration. This 
preoperative precautionary measure has seemed 
to us all the more important since from year to 
year more and more leg and fewer thigh amputa- 
tions have been carried out for occlusive arterial 
disease. During the past few years we have 
employed local refrigeration before amputation in 
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all patients in which there was even minimal in- 
fection. In a few selected cases in which massive 
infection of a foot was present, a guillotine ampu- 
tation through the ankle has been performed 
under local anesthesia some time before definitive 
surgery. In all other instances in which amputa- 
tion was deemed necessary and infection was 
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present, the patients have had a period of 2 or 
3 days of local refrigeration. 

The development of an electrically-operated 
refrigeration unit has greatly simplified the prob- 
lem from the standpoint of the comfort of the 
patient as well as the work load placed upon the 
nursing staff. 
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Association’ shows steady improvement over 

previous issues. The early issues of this trans- 
action were predominantly surgical in material. How- 
ever, over the past decade, the problems of physiol- 
ogy and other interrelated problems of radioactive 
material and the antithyroid drugs, and others are 
recorded. 

There are 37 papers, most of which have appeared 
in previous issues of the Journal of Endocrinology 
and Metabolism, In the transactions are contained 
the discussions of these papers as well as the com- 
plete program from the 1952 meeting of the Amer- 
ican Goiter Association. Joun E. Kearns. 


[a 1952 Transactions of the American Goiter 


N THE text entitled Gastrointestinal X-Ray 

Diagnosis,? the authors discuss not only the en- 
tire digestive system but also cover completely and 
authoritatively the gallbladder, pancreas, spleen, 
mesentery, omentum, peritoneum, and other ab- 
dominal structures. The subject material is pre- 
sented in a concise but adequate manner with good 
correlation of the clinical manifestations when 
necessary for complete understanding of the subject. 

The book comprises 838 pages with a comprehen- 
sive bibliography at the end of each chapter and an 
excellent index. The subject matter is well illus- 
trated with good reproductions of typical roentgeno- 
grams. The publishers have done an excellent job, 
both as to binding and printing. This book offers a 
comprehensive coverage of the subject and is recom- 
mended without reservation not only to the radi- 
ologist, the resident in training, the gastroenterolo- 
gist, but also to any physician interested in study 
of the gastrointestinal tract. Ear E. Barta. 


S t~- author of Sacral Nerve-Root Cysts? became 
interested in the subject of sacral nerve root 
cysts in 1931 when he dissected 30 specimens and 
discovered 5 cysts of the posterior sacral nerve roots 
and ganglia. This 131 page monograph contains 
descriptions and photographs of the histology and 
pathogenesis of cysts which arise from the perineure- 
um. The author has made the preoperative diag- 
nosis in several instances and has confirmed it at sur- 


'TRANSACTIONS OF THE AMERICAN GOITER ASSOCIATION, 1952 
Annual Session, May 1, 2, and 3, Chase Hotel, St. Louis, Missouri. 
Springfield, Ill.: Charles C Thomas, 1953. 


*GASTROINTESTINAL X-Ray Dracnosis. By Max Ritvo, 


M.D., and I. A. Shauffer, M.D. 838 pages, with 470 illustrations. 
$20.00. Philadelphia: Lea & Febiger, 1952. 

3SacRaAL NERVE-Root Cysts; ANOTHER CAUSE OF THE 
Sciatic oR CaupA Equina SyNpDROME. By I. M. Tarlov, M.D. 
Springfield, Ill.: Charles C Thomas, 1953. 
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gery. A discussion of the clinical and myelographic 
findings of this entity is included in this book. 
Perineurial cysts occur at the junction of the pos- 
terior nerve root with the dorsal ganglion. They in- 
variably lie under the posterior arch of the sacrum 
and while they may be on any of the sacral nerve 
roots, they have been chiefly situated on the second 
and third nerve roots. The cysts contain a clear 
fluid which lies between the pia and the arachnoid. 
The author gives several theories as to the etiology 
of these cysts and it is believed that some are the 
result of hemorrhage, some are the results of transu- 
dation, and still others result from degeneration of 
neural and supporting elements of the sacral roots. 
This is a concise book with many fine illustrations. 
It is a summary of previous papers by the author on 
the same subject. DANIEL RUGE. 


ENERALLY a new edition of a book devoted 
to operations is larger than its predecessor and 
contains more illustrations. Die geburtshilflichen 
Operationen,* however, contains approximately the 
same number of pages and 13 fewer illustrations than 
the sixth edition. The author’s reason for this is 
that modern obstetrics, from spontaneous delivery 
to cesarean section, has been simplified. The opera- 
tions which lie between these two procedures have 
been curtailed considerably in present day obstetrics, 
particularly complicated destructive operations, high 
forceps operations, and pubiotomy. In line with 
this, the sections devoted to these operations have 
been reduced substantially. For example, the sec- 
tion on destructive operations is 4 pages shorter and 
contains 12 fewer illustrations. Not many radical 
alterations have been made in the book because 
operative procedures in obstetrics have not changed 
much in the last few years. Martius emphasizes that 
modern obstetrics has not been made more active by 
the advance of chemotherapy, but rather it has be- 
come more expectant and has resumed the function 
it should always have, namely, assist in propagation 
of the human race. 

As in previous editions, the data are presented in 
an easy style. The advice given is practical and con- 
servative, based on Martius’ very extensive experi- 
ence as an obstetrician and a teacher. This small 
book (290 pages, 268 illustrations) will, doubtless, 
continue to be deservedly popular in German-speaking 
countries. J. P. GREENHILL. 


4Dre GEBURTSHILFLICHEN OPERATIONEN; IHRE AUSFUEHRUNG 
UND ANWENDUNG. EIN LEHRBUCH FUER STUDENTEN UND 
GEBRAUCHSBUCH FUER AERZTE. By Prof. Dr. Med. Heinrich 
Martius. 7th rev. ed. Stuttgart: Georg Thieme, 1953. 
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HE volume The Autonomic Nervous System, 

as published in New York by the Macmillan 
Company in 1952, is listed as the third edition, but 
appears to be a completely new book representing 
the latest knowledge of the autonomic nervous 
system. The volume consists of 484 pages of ma- 
terial, is followed by a 76 page list of references, and 
contains 108 black and white illustrations. The 
authors list the sympathetic and parasympathetic 
innervation to each organ and include the surgical 
application of this knowledge when indicated. A 
description of the general physiology and of the 
newer concepts of the pharmacology of the autonom- 
ic nervous system is followed by a discussion of the 
practical aspects of such knowledge. Also included 
are chapters on the physiology of visceral pain and 
a very good chapter on the methods of study of the 
autonomic nervous system. The latter chapter 
describes the means of determining the presence of 
disease of the autonomic nervous system and in- 
cludes a description of tests which can be used to 
indicate the possible results of surgical interference. 
Following are chapters which outline how sympa- 
thectomy can be used to modify abnormal activity 
in the various systems of the body. The last portion 
of the book is given over to a detailed description of 
the standard approaches to the autonomic nervous 
system with the authors stating their particular 
choice as determined by their individual clinical 
experiences. A brief review such as this cannot do 
justice to this particular volume. It has the stature 
of a reference work but should be considered neces- 
sary reading for anyone who “undertakes to inter- 
fere with these autonomic processes which control 
the body’s adjustment and its environment.” 

JosepH TARKINGTON. 


fhe: fifth edition of Gifford’s Textbook of Ophthal- 
mology* surely reaches the goal of a textbook for 
undergraduates that Doctor Sanford Gifford would 
wish, with emphasis placed on ophthalmology as it 
relates to general medicine. 

Emphasis is given to vascular hypertension and 
the relation of atherosclerosis and arteriolarsclerosis, 
with a classification that helps the eye physician 
translate his findings to the internist. 

Surgical technique is omitted in Chapter 21, in 
order to give the general physician a better under- 
standing of why an operation should be performed 
and what it may accomplish. 

In Chapter 22 are listed the therapeutic agents 
most commonly employed in ophthalmology and the 
indications for their use. 

The -book is well written and the publisher has 
done a beautiful job of typography and illustration. 
This volume is an excellent book for the medical 
student. BEULAH CUSHMAN. 


1THeE Autonomic Nervous System; ANATOMY, PHysSIOLOGy, 
AND SURGICAL APPLICATION. By James C. White, M.D., 
Reginald H. Smithwick, M.D., and Fiorindo A. Simeone, M.D. 
3rd ed. New York: The Macmillan Co., 1952. 

2GIFFORD’s TEXTBOOK OF OPHTHALMOLOGY. By Francis Heed 
Adler, M.D. 5thed. Philadelphia: W. B. Saunders Co., 1953. 
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oh monograph, Osteosklerose und Knochen- 
markfibrose’ by Rudolf Stodtmeister, Stefan 
Sandkiihler, and Albert Laur, is a concise work of 
135 pages, the last 20 comprising an extensive bibli- 
ography and accurate index. The subject matter is 
well organized in ro sections. As the title implies 
emphasis is placed upon the subjects of osteosclerosis 
and osteomyelosclerosis. 

Each section is divided in general into pertinent 
reviews of the literature, roentgenologic interpreta- 
tion, pathology, and numerous casz histories, the 
latter of which are included for the most part in a 
separate section. Expressions throughout are clear 
and to the point. There are numerous descriptive 
tables, together with excellent roentgenographs, 
microscopic sections, and illustrative drawings. One 
color plate is included. 

Throughout the monograph emphasis has been 
placed particularly upon hematologic findings and 
interpretation. Personal cases of the authors’ as well 
as those from the literature have been analyzed and 
compared, the results of which are valuable. The 
monograph is an excellent contribution to the litera- 
ture on the aspect of bone disease which it covers, 
and will be of distinct value to those interested in 
this field of medicine and surgery. 

KENNETH C, FRANCIs. 


HE SMALL, but excellent, and richly illus- 

trated book, Die Behandlung der Knochen- und 
Gelenktuberkulose', is devoted to past experience and 
present status of the treatment of tuberculosis of 
bones and joints. Its two parts contain a great deal 
of material. The first part deals with the pathology, 
diagnosis, and general therapeutic aspects of the 
skeletal tuberculosis. The second part covers special 
regions. As to be expected of a general treatise like 
this, most of the data are not new, but up to date, 
and critically evaluated in the light of an extensive 
experience. This book is clearly written, the format 
is pleasing, the bibliography comprehensive. It is 
recommended to those surgeons and physicians who 
are interested in this subject and have mastered 
the German language. 

Hans May. 


B Bn ninth edition of A Short Practice of Surgery® 
by Bailey and Love contains 1,254 pages. The 
type is clear and easily readable, even the descrip- 
tions of recent advances and rare conditions, which 
are relegated to small type. There are 1,234 illus- 


By Rudolf 
Stuttgart: 


3Q0STEOSKLEROSE UND KNOCHENMARKFIBROSE. 
Stodtmeister, Stefan Sankiihler, and Albert Laur. 
Georg Thieme, 1953. 

‘Dre BEHANDLUNG DER KNOCHEN- UND GELENKTUBERKULOSE. 
By Doz. Dr. med. Heinz May. In collaboration with Dr. Wilhelm 
Lang, Dr. Richard May, and Franz Novotny. 221 pages, with 
tor illustrations. Paper, DM 28; cloth DM 30. Stuttgart: 
Ferdinand Enke, Verlag, 1953. 

5A SHORT PRACTICE OF SuRGERY. By Hamilton Bailey, 
F.R.C.S. (Eng.), F.A.C.S., F.1.C.S., F.R.S.E., and R. J. McNeill 
Love, M.S. (Lond.), F.R.C.S. (Eng.), F.A.C.S., F.LC.S. oth 
ed. 1,254 pages, with 1,234 illustrations. $12.50. Baltimore: 
The Williams & Wilkins Co., 1953. 





























trations excellently reproduced, although many of 
them are less than 1 inch square. Because it is a 
relatively small but extremely thick book, it is.diffi- 
cult to keep open at a given page, and it is not 
suited to armchair reading. 

Forty-five chapters cover the entire field of sur- 
gery. To present such a large subject in one volume 
necessitates a certain amount of dogmatism, and 
readers will undoubtedly take issue with some of the 
authors’ treatment recommendations. However, as 
a comprehensive general survey of the field of surgery 
in a one volume text, this book will have few peers. 

Epwarp W. Gisss. 


HE authoritative fifth edition of Comroe’s 

Arthritis! has again been revised and brought 
up to date by Hollander and his collaborators. 
ACTH, cortisone, and hydrocortone, which have 
now been used for a period of years, are given due 
consideration in a comprehensive, overall picture of 
the present day use of these therapeutic agents. 

The general organization of the text has not been 
altered, and, as before, summaries have been used 
effectively in presenting the material in concise 
form. The bibliography, as in the past, is excellent, 
and has been brought up to date in many respects. 
Several new illustrations have been incorporated, 
some replacements have been made, and many of 
the chapters have been partially or completely re- 
written. 

In the rapidly changing field of rheumatic dis- 
eases, this new revision is an adequate attempt to 
keep abreast of the present knowledge regarding 
these diseases. The text will be of great value to the 
general practitioner dealing with arthritis as well as 
to the orthopedist. 

WittiaM A. LARMON. 


{ term atlas implies an abundance of illustra- 
tions with a minimum of words. Banks and 
Laufman in An Allas of Surgical Exposures of the 
Extremities? adhere admirably to this concept. 
While the book is expressly intended to serve the 
student and resident in surgery, anyone doing ex- 
tremity surgery can profit by a brief or extended 
perusal of this volume. 

The method employed in developing each finished 
illustration is unique and realistically effective. 
However, some of the sketches seem incomplete, 
particularly when one looks in vain for an important 
nerve or artery described in the text as requiring 
protection to preserve function or division to en- 
hance exposure. 

The description of each incision is preceded by a 
useful list of major indications. Unfortunately, the 


'ComROE’s ARTHRITIS AND ALLIED ConpiITIONS. Edited by 
Joseph Lee Hollander, M.D., and collaborators. sth rev. ed. 
1103 pages, with 399 illustrations. $16.00. Philadelphia: Lea & 
Febiger, 1953. 

2An ATLAS OF SURGICAL EXPOSURES OF THE EXTREMITIES. 
By Sam W. Banks, M.D., and Harold Laufman, M.D., Ph.D. 
391 pages, with 552 illustrations. $15.00. Philadelphia, London: 
W. B. Saunders Co., 1953. 


REVIEWS OF NEW BOOKS 





527 


authors have elected to omit entirely proper names. 
Some classical ones, if not all, might well have been 
included in parentheses for the edification of the 
student and the esteem of the experienced surgeon. 

Occasionally, but not frequently enough, notes 
are appended giving excellent pointers to aid the 
operator in locating or avoiding structures in the 
choice of preferred incisions. The second half of the 
book, on the lower extremity, is more complete in 
this regard. 

The size of the volume is well chosen, the arrange- 
ment useful, and the reproduction excellent. 

NorMAN L. HIGINBOTHAM. 


si HE monograph entitled The Roentgen Aspects of 
the Papilla and Ampulla of Vater® is a detailed 
study made by the group of radiologists from the 
New York University group and the Veterans Ad- 
ministration Hospital, Bronx, New York. The 
general format is excellent with good, clear type on 
very good paper, and the technical job of printing 
and reproduction of roentgenograms is excellent. 
The table of contents is quite detailed. The major 
papilla is discussed, and the ampulla of Vater with 
their anatomy, embryology, and roentgen findings. 
The sphincter of Oddi, the variation in this particu- 
lar segment of the duodenum, and the various 
methods which have been used by x-ray study in dif- 
ferent types of disease associated with this segment 
of the duodenum, the common bile duct, the gall- 
bladder, and the pancreas. The large number of 
x-ray reproductions are excellent. 

A number of the authors’ own cases are not only 
illustrated by roentgenograms but are made even 
more meaningful through accompanying brief case 
histories. An adequate bibliography containing 138 
references is appended. There is an index of several 
pages which makes it possible to locate various parts 
of the text without difficulty. 

This monograph should serve as a handy reference 
for a radiologist who sees few of these cases of dis- 
ease of the ampullary region of the duodenum. The 
surgeon who sees these lesions frequently should be 
familiar with what can be obtained from a careful 
roentgenologic study of these patients as this is 
described in greater detail than in works generally 
available to the average surgeon. 

Tuomas C. DouGtass. 


T= small volume Gynaekologische Organneuro- 
sen* was written by the director of a woman’s 
clinic and not by a psychiatrist. It is intended for 
general practitioners, students, and gynecologists; 
therefore, the author has avoided using the technical 
terms and jargon of modern psychotherapy. 


3THE ROENTGEN ASPECTS OF THE PAPILLA AND AMPULLA OF 
VaTER. By Maxwell H. Poppel, M.D., F.A.C.R., Harold G. 
Jacobson, M.D., F.A.C.R., and Robert W. Smith, M.D. 195 
pages, with 106 illustrations. $8.50. Springfield, Ill.: Charles C 
Thomas, 1953. 

4GYNAEKOLOGISCHE ORGANNEUROSEN; EINFUEHRUNGSVOR- 
LESUNGEN IN DIE PsycHosOMATIK. By Prof. Dr. Hans Roemer. 
190 pages. DM 13.50. Stuttgart: Georg Thieme, 1953. 
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The author maintains that most of the psycho- 
somatic illnesses which involve gynecologic symp- 
toms are simply constructed neuroses, temporary 
psychosomatic illnesses, or neurotic symptoms. The 
diagnosis and treatment of all of these require less 
psychoanalytic knowledge than the usual run of 
analytic practice. The text occupies 104 pages and 
77 pages are devoted to 18 case histories. The cases 
are interesting and include such problems as back- 
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ache, dysmenorrhea, hysteria, abortion, sterility, 
menopause, pruritus, dyspareunia, frigidity, and 
hyperemesis gravidarum. At the end of the book is 
a small, select list of references. There is nothing 
new in the book, but the author presents his data 
in simple language, and he discusses his case reports 
in a very interesting manner. The book can serve 
as a simple course in psychosomatic gynecology. 
J. P. GREENHILL. 
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